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ABSTRACT 


The  objective  of  this  research  was  to  determine  the  relationship  between  the 
center  protection  factors  (PF's)  of  a  large  sample  of  facilities  as  evaluated  in 
accordance  with  the  Engineering  Manual  (PF-CQMP)  and  the  center  PF's  of  the  same 
facilities  as  evaluated  in  the  NFSS  prior  to  February  1967.  The  334  buildings  in 
the  statistical  sample  were  selected  from  San  Jose,  Albuquerque,  New  Orleans,  Detroit, 
ar.d  Providence.  In  adcHMon  to  PF's  reported  ir.  '.ITS?  Phases  1  and  2  and  PF's 
calculated  by  PF-COMP  using  RTI  collected  data,  the  following  separate  estimates  of 
the  center  PF  were  determined:  NFSS  Phase  1  and  2  methods  using  RTI  input  data,  PF-COMP 
using  NFSS  input  data,  and  PF-COMP  using  NFSS  input  data  supplemented  by  additional 
building  data  collected  by  RTI.  As  a  result  of  this  statistical  analysis,  conclusions 
regarding  the  relationship  of  the  seven  PF  estimates  are: 

1)  Revised  NFSS  PF's  for  individual  buildings  should  not  be  estimated  nor  is 
any  advantage  seen  In  revised  estimates  of  Phase  2  shelter  PF’s  available  in  a 
geographic  area  such  as  a  county.  This  conclusion  is  drawn  because  NFSS  Phase  2 
(P2-NFSS)  PF’s  are  nonconservative  (high)  when  compared  to  Engineering  Manual -RTI 
(EM-RTI)  results  and  because  of  the  difficulty  in  obtaining  Phase  2  PF  values 
other  than  by  PF  category. 

2)  PF's  calculated  using  NFSS  Phase  1  and  2  procedures  and  RTI  collected  input 
data  (Pl-RTI  and  P2-RTI)  are  both  conservative  (low)  when  compared  to  EM-RTI 
results.  The  nonconservative  results  determined  in  the  NFSS  are  therefore 
attributed  to  data  collection  discrepancies. 

3)  Many  buildings  surveyed  in  the  NFSS  prior  to  February  1967  have  PF’s  less 
than  40  and  are  consequently  not  contained  in  Phase  2  data  files.  The  regression 
equation  developed  for  the  total  sample  to  determine  the  relationship  between 
Pl-NFSS  and  EM-XTI  could  be  used  to  estimate  PF's  of  buildings  in  this  category. 
These  results  would  be  useful  in  damage  assessment  when  analysis  of  areas  as 
large  as  a  county  are  cade. 

4)  Procedures  have  been  established  whereby  NFSS  Phase  1  and  2  input  data 
collected  prior  to  February  1967  can  be  processed  by  PF-COMP.  However,  because 
of  input  discrepancies  noted  in  NFSS  data  when  compared  to  RTI  collected  data, 
this  method  of  estimating  revised  values  for  shelter  stories  is  not  recommended. 

5)  A  comparison  of  NFSS  Phase  2  data  with  EM-RTI  data  indicated  that  (a)  each 
procedurv;  identified  shelter  on  the  same  story  for  3^7  stories;  (b)  there  are 

41  stories  identified  as  shelter  stories  by  the  NFSS  that  were  not  found  to  have 
shelter  by  PF-COMP;  and  (c)  PF-COMP  identified  133  shelter  stories  that  are  not 
contained  in  NFSS  files.  The  conclusion  is  that  the  current  use  of  PF-COMP  will 
substantially  increase  the  number  of  shelter  stories  in  the  NFSS. 
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Statistical  Analysis  of  NFSS  Protection  Categories 


I .  INTRODUCTION 


'ihe  NaLional  Fallout  Shelter  Survey  (NFSS)  was  designed  to  identify  fallout 
shelter  space  in  all  buildings  other  than  single  family  dwellings.  Before  February 
1967,  Phase  1  of  the  NFSS  used  a  computer  program  at  the  National  Bureau  of  Standards 
(NBS)  to  obtain  a  "first  estimate"  of  the  protection  factors  in  the  buildings, 
and  Phase  2  was  a  follow-up  to  more  completely  identify  and  locate  the  probable 
shelter  areas  in  the  buildings.  In  Phase  I,  the  basic  dimensions  and  structural 
information  were  recorded  on  Film'dptical  Scanning  Device  for  Input  to  Computers 
(FOSDIC)  forms  and  processed  through  the  NFSS/NBS  computer  program  [Ref.  1].  The 
output  from  this  program  was  a  listing  of  the  protection  factors  (PF)  within  each 
building.  Manual  corrections  to  the  computer  results  were  made  in  Phase  2  to 
account  for  aperture  sill  heights,  areaways,  and  partitions  not  reported  in 
Phase  1. 

In  1964,  the  Research  Triangle  Institute  (RTI)  began  writing  a  computer  program 
(PF-CQMP)  [Refs.  2  and  31  to  calculate  the  protection  factors  in  a  building  by  pro¬ 
cedures  more  nearly  like  those  of  the  detailed  Engineering  Manual  method.—^  This 
program  was  designed  to  consider  the  effects  of  sill  heights,  areaways,  and  partitions, 
thereby  eliminating  the  "manual  corrections"  carried  out  in  Phase  2.  The  program 
output  provides  the  shelter  analyst  with  a  detailed  analysis  of  the  protection  factor 
at  the  center  of  each  story  of  a  structure  and  displays  the  PF's  for  eight  other 
predetermined  locations  on  each  story.  It  also  provides  estimates  of  the  shelter 
boundaries  and  number  of  shelter  spaces  available  on  each  story.  This  program 
(PF-CQMP)  replaced  the  Phase  1  and  Phase  2  NFSS  procedures  for  shelter  evaluation 
in  February  1967. 

To  date,  approximately  182  million  shelter  spaces  with  a  PF  of  at  least  40 
have  been  identified  in  t..  total  NFSS  [Ref.  7J.  This  is  far  short  of  the  insuber 
needed  to  shelter  the  total  U.  S.  population.  However,  many  buildings  have  r.reas 
within  them  with  PF's  just  below  the  "cutoff"  point  (PF  40)  and  thus  their  indication 
as  shelter  is  highly  oependent  on  the  accuracy  of  the  shelter  evaluation  programs. 

In  addition,  the  results  of  OCD  Work  Unit  1115A  [Ref.  8)  showed  that  the  NFSS 
Phase  1  PF's  were  generally  substantially  lower  than  hand  calculated  PF’s  determined 

—  The  term  "Engineering  Manual"  refers  to  the  PF  computational  method  described 

in  References  4  and  5  and  contained  in  Reference  6  as  the  "Detailed  Procedure." 
The  PF-CQMP  Program  initially  was  based  on  data  presented  ia  Reference  6, 
supplemented  by  Radiation  Shielding  Analysis  charts  dated  June  1964.  Subsequent 
revisions  to  the  "Engineering  Manual"  netnod  have  been  incorporated  in  PF-CQMP 
to  keep  it  current  with  the  shielding  state-of-the-art. 
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using  the  Engineering  Manual  procedure  for  the  same  facility,  although  NFSS 
Phase  2  results  for  eight  of  the  32  sample  buildings  were  nonconservative. 

Because  of  the  small  sample  of  only  32  buildings  in  that  study,  it  was  not 
possible  to  determine  reliably  a  useful  relationship  between  the  EM  PF  and  the 
NFSS  PF.  The  PF-COMP  Program  now  enables  Engineering  Manual  type  results  to  be 
obtained  for  buildings  without  performing  tedious  hand  calculations. 

The  objective  of  the  present  research  was  to  determine  the  relationship 
between  the  center  PF's  of  a  large  sample  of  facilities  as  evaluated  in  accordance 
with  the  Engineering  Manual  and  the  center  PFfs  of  the  same  facilities  as  evaluated 
in  the  NFSS  prior  to  February  1967.  Mathematical  relationships  for  estimating 
revised  PF  values  for  NFSS  structures  with  selected  characteristics  are  given. 

The  sources  that  contribute  to  the  total  variance  between  the  Engineerin3  Manual 
PF  and  the  NFSS  PF  are  also  identified  and  PF  estimates  are  given  for  buildings 
which  could  be  recalculated  using  PF-COMP  procedures  and  NFSS  Phase  1  and  2  input 
data. 

The  scope  of  work  for  this  contract  is  given  in  Appendix  A. 


II.  SAMPLE  DATA 


A.  Sample  of  Buildings 

Under  OCD  Work  Unit  1159C,  Structural  Characteristics  of  NFSS  Buildings 
[Ref.  9],  the  frequencies  of  occurrence  of  selected  structural  attributes  in  a 
statistical  sample  of  national  Fallout  Shelter  Survey  (NFS5)  buildings  in  the  cities 
of  Providence,  New  Orleans,  Detroit,  Albuquerque,  and  San  Jose  were  determined.  The 
structural  characteristics  analyzed  included:  dimensions,  number  of  stories,  apertures, 
foundation,  substructure,  exterior  walls,  frame,  roof,  floors,  and  interior  partitions. 
Additional  data  necessary  for  protection  factor  analyses  by  the  KFSS/NBS  and  PF-CQKP 
Computer  Programs  were  also  obtained  for  use  in  this  project. 

A  sufficient  nisaber  of  buildings  were  surveyed  in  each  city  to  give  a  relative 
standard  error  of  approximately  twenty  percent  for  an  estimate  of  a  structural  attri¬ 
bute  which  occurs  in  twenty-five  percent  of  the  buildings  in  each  city.  To  achieve 
this  degree  of  statistical  accuracy,  it  was  estimated  that  a  sample  of  309  buildings 
would  be  sufficient,  divided  among  the  cities  as  follows: 


Providence  67 
New  Orleans  60 
Detroit  74 
Albuquerque  53 
San  Jose  55 


A  sample  of  this  size  obviously  enables  a  more  accurate  determination  of  the 
relationship  between  Engineering  Manual  PF's  and  KFSS  PF’s  to  be  made  than  was 
possible  using  the  32  buildings  surveyed  under  OCD  Work  Unit  1115A. 

The  geographic  areas  surveyed  ware  the  entire  Standard  Metropolitan  Statistical 
Areas  of  the  above  cities,  except  for  the  portion  of  tl.a  Providence  SMSA  that  lies 
in  Massachuse'ts.  Special  facilities  (tunnels,  caves,  etc.)  and  buildings  where 
licenses  have  been  refused  were  excluded  from  consideration.  A  random  sample  of 
buildings  to  be  surveyed  was  selected  from  the  remainder  of  the  SPSS  buildings 
(NFSS  facility  ntmbers)  in  the  SMSA.  In  addition  to  the  basic  sample  in  each  SMSA, 
alternate  buildings  were  selected  in  order  to  have  substitute  buildings  for  those 
where  entry  was  denied  and  in  order  to  enlarge  the  sample  when  time  permitted  the 
survey  of  additional  buildings;  334  buildings  were  actually  surveyed - 

3.  Protection  Factor  Computations 

Engineers  and  analysts  from  RTI  visited  the  local  building  inspectors,  city 
engineers,  city  planning  personnel,  and  others  to  collect  da?3  for  each  building 
from  building  plans,  Sanborn  Maps,  geological  maps,  building  codes,  etc.  A  visit 
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was  then  made  to  each  building  site  to  verify  these  data  and  to  obtain  any  additional 
data  necessary  to  determine  the  following  separate  estimates  of  the  center  PF  for  each 
shelter  story: 

1)  PF  reported  under  NFSS  Phase  1  (Pl-NFSS). 

2)  PF  reported  under  NFSS  Phase  2  (P2-NFSS) . 

3)  PF  by  NFSS  Phase  1  methods  using  RTI  input  data  (Pl-RTI). 

4)  PF  by  NFSS  Phase  2  methods  using  RTI  input  data  (P2-RTI) . 

5)  PF  from  PF-COMP  using  NFSS  Phase  1  and  2  building  input  data  (EM-NFSS) . 

6)  PF  from  PF-COMP  using  NFSS  Phase  1  and  2  input  data  plus  additional  building 

data  collected  by  RTI  survey  teams  (EM-NFSS  and  RTI) . 

7)  PF  from  PF-COMP  using  building  input  data  collected  by  RTI  survey  teams 
(EM-RTI). 

NFSS  Fhase  1  (Pl-NFSS)  PF's  were  previously  calculated  by  the  National  Bureau 
of  Standards  using  Architect-Engineer  (AE)  supplied  input  data,  and  NFSS  Phase  2 
(P2-NFSS)  PF's  were  determined  by  the  AE's  by  modifying  Phase  1  PF's  as  required. 

Data  for  calc  lating  the  remaining  PF's  were  collected  in  the  field  survey  phase  of 
Work  Unit  1159C  as  described  above  and  actual  PF  calculations  were  performed  under 
the  present  project.  Procedures  used  and  problems  encountered  in  obtaining  the 
NFSS  PF's  and  in  calculating  the  remaining  five  PF's  are  contained  in  the  following 
sections : 

1.  Phase  1-NFSS 

NFSS  Fhase  1  input  data  for  the  sample  buildings  were  'btained  on  computer 
tape  from  the  master  NFSS  files  at  the  National  Bureau  of  Standards  (NBS). 
However,  output  data  from  the  PF  computations  were  not  'ontained  on  computer 
tape  at  NBS  or  at  the  National  Civil  Defense  Computer  Facility  (NCDCF)  where 
official  NFSS  records  are  now  maintained.  Therefore,  it  was  necessary  to 
review  computer  printouts  to  obtain  NFSS  Phase  1  output  data.  Information 
for  facilities  survey  through  1963  were  available  in  Office  of  Civil  Defense 
(OCD)  Pentagon  Files;  printouts  for  facilities  surveyed  in  later  years  had  to 
be  obtained  from  that  part  of  the  OCD  data  bank  at  the  Institute  for  Defense 
Analyses  (IDA).  In  addition  to  the  7'F  of  each  story  of  all  building  parts, 
the  contributions  (reduction  factors)  from  the  ceiiing  and  from  each  wall  were 
obtained  from  these  print  juts . 

2.  Phase  2-NFSS 

In  Phase  2  of  the  NFSS,  the  AE's  collected  data  regarding  aperture  sill 
heights,  areaways,  and  interior  partitions;  these  data  were  recorded  on  the 
front  of  the  Phase  2  Data  Collection  Form  (DCF) .  The  effect  of  these  building 
parameters  on  the  PF  were  determined  and  the  PF  category,  as  shown  in  Table  I, 
was  reported  on  the  front  side  of  the  DCF  for  each  shelter  story.  Details  of 


these  calculations  were  sometimes,  but  not  always,  reported  on  the  back  side 
of  the  Phase  2  Data  Collection  Form  (DCF)  for  each  shelter  story.  Only  data 
located  on  the  front  side  of  the  Phase  2  DCF  were  recorded  on  NFSS  computer 
tapes  at  NCDCF.  Of  the  292  shelter  stories  with  a  Phase  2  NFSS  PF  reported, 

13?  »ere  reported  to  be  in  a  PF  category  different  (higher  or  lower)  than 
reported  in  NFSS  Piiase  1.  In  many  cases,  the  back  of  the  DCF  could  not  be 
obtained  and  in  many  other  cases  the  computations  were  not  reported  on  the 
DCF.  Therefore,  only  the  PF  category  for  some  shelter  stories  was  available 
for  analysis  of  Phase  2  PF's.  The  values  used  in  analyses  Involving  Phase  2 
results  for  such  stories  are  also  shown  on  Table  I. 

Many  buildings  and  building  parts  analyzed  in  Phase  1  were  not  reported 
in  Phase  2  because  the  adjusted  PF  did  not  meet  the  prescribed  minimum  of  40. 

In  buildings  that  were  divided  into  "building  parts"  for  PF  analysis  in  Phase  1, 
it  was  quite  common  for  only  one  pare  to  be  contained  in  Phase  2  records.  These 
buildings  presented  considerable  problems  of  identification  in  this  analysis 
because  such  results  in  Phase  2  were  labeled  as  "Part  00"  with  no  relationship 
to  Phase  1  parts  given.  Shelter  marking  sketches  were  evaluated,  when  available 
from  the  Corps  of  Engineers  or  Naval  Facilties  Engineering  Command,  and 
engineering  judgments  were  made  to  correlate  Phase  1  part  numbers  with  Phase  2 
results  for  such  facilities. 


Table  1 

PROTECTION  FACTOR  CATEGORIES 


f 

l 

i 

| 

Protection 

Factor  (PF) 

Rt 

Reduction 

Factor 

(RF) 

Category 

Range 

mge 

RF  Used  In 

Phase  2  Analysis* 

8 

over  1,000 

I,ess  than  .0010 

.001 

i 

7 

500  -  1,000 

.0020 

to  .0010 

.002 

i 

6 

250  -  499 

.0040 

to  .0020+ 

.003 

j 

5 

150  -  249 

.0067 

to  .0040+ 

.006 

\ 

4 

100  -  149 

.0100 

to  .0067+ 

.009 

3 

70  -  99 

.0143 

to  .0100+ 

.012 

2 

40  -  69 

.0250 

to  .0143+ 

.020 

* 

1 

20  -  39 

.0500 

to  .0250+ 

.038 

0 

10  -  19 

.1000 

to  .0500+ 

.075 

*NFSS  Phase  1  Reduction  Factor  (RF)  data  computed  by  NBS  and  furnished  to  the  AE  were 
reported  to  only  three  decimal  places;  therefore,  the  values  used  by  RTI  in  analysis  of 
Phase  2  PF's  when  only  the  PF  category  was  known  are  the  means  of  the  RF  range  rounded 
to  the  third  decimal  place. 
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J.  Phase  1-RTI 


Data  obtained  in  the  RTI  field  survey  of  the  sample  buildings  were  used 
to  prepare  FOSDIC  forms  for  all  buildings  using  NFSS  Phase  1  instructions 
[Ref.  10}.  The  division  of  complex  buildings  into  building  parts  again 
presented  identification  difficulties .  Marking  sketches ,  NFSS  FOSDIC  forms , 
or  NFSS  Phase  2  DCF's  were  quite  often  difficult  or  impossible  to  obtain  and 
some  such  data  were  required  to  assign  RTI  building  part  numbers  that  would 
correspond  to  NFSS  assigned  numbers.  Because  of  the  sensitivity  of  the 
NFSS/NBS  Program  to  erasures  and  other  indications  that  might  cause  errors 
in  interpretation  of  input  data,  many  FOSDIC  forms  had  to  be  processed  several 
times  to  get  acceptable  results . 

4.  Phase  2-RTI 

Using  NFSS  Phase  2  procedures  [Ref.  11],  adjustments  were  made  to  the 
Phase  1-RII  PF's  to  account  for  aperture  sill  heights,  areaways,  and  interior 
partitions.  The  actual  values  calculated  using  these  procedures  were  used  in 
analyses  involving  Phase  2-RTI  data.  The  data  for  the  building  characteristics 
required  to  make  the  PF  and  RF  adjustments  were  also  obtained  in  the  field  survey 
phase  of  OCD  Work  Unit  1159C. 

5.  Engineering  Manual-UFSS 

All  NFSS  building  data  required  in  Phase  1  and  2  calculations  were 

2/ 

reported  on  Phase  1  FOSDIC  forms  and  on  the  front  of  Phase  2  DCF’s.—  Records  of 
these  are  maintained  on  computer  tape  at  the  National  Bureau  of  Standards  and 
NCDCF,  respectively.  Manual  transcription  of  data  from  these  records  to  a 
form  suitable  for  processing  by  the  PF-COMP  Program  would  have  been  a  tedious 
and  time-consuming  task  and  would  have  led  to  transcription  errors.  Therefore, 
a  computer  program  was  written  to  extract  NFSS  data  and  reorganize  it  for  use 
by  the  PF-COMP  Program.  NFSS  dati  (especially  for  contaminated  planes  and 
interior  partitions)  collected  prior  to  February  1967  are  not  nearly  as  extensive 
as  chose  normally  collected  for  the  PF-COMP  Program,  but  could  be  mcyifiea  for 
processing.  These  results  indicate  'he  PF's  that  could  be  cbta.-i.ntd  If  the 
earlier  UFSS  data  were  recalculated  uning  a  program  based  on  the  Engineering 
Manual. 

6_  Engineering  Manual-NFSS  and  RTI 

As  indicated  above,  NFSS  data  collected  in  Phases  1  and  2  do  not  describe 
a  building  as  completely  as  data  collected  for  processing  by  the  PF-COMP 
Program.  Therefore,  NFSS  data  were  supplemented  by  more  complete  data  collected 


—  It  is  noted  that  only  the  detailed  NFSS  °hase  2  calculations  using  these 
building  data  were  reported  on  the  back  of  thi  DCF  and  consequently  not  always 
available. 
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for  PF-COMP  analyses  and  PF's  in  the  sample  buildings  were  then  calculated 
by  the  PF-COMP  Program.  Interior  partition  data  and  the  single  azimuthal 
sector  per  side  used  to  describe  contaminated  planes  in  the  NFSS  were  replaced 
by  PF-COMP  data.  This  was  accomplished  by  replacing  the  punch  cards  containing 
interior  partition  data  and  contaminated  plane  data,  which  were  used  to  calculate 
the  Engineering  Manual-NFSS  PF  described  in  paragraph  5  above,  with  comparable 
cards  containing  PF-COMP  data. 

7.  Engineering  Manual-RTI 

Sufficient  building  data  were  collected  in  the  field  survey  phase  of  OCD 
Work  Unit  1159C  to  make  Engineering  Manual  type  calculations  using  the  PF-COMP 
Program.  These  data  we^e  submitted  on  Shielding  Analysis  Forms,  described  in 
Reference  2,  to  the  National  Civil  Defense  Computer  Facility  fcr  processing  by 
the  PF-COMP  Program  in  effect  in  February  1967.  Due  to  the  lack  of  urgency  and 
the  availability  of  more  building  plans  chan  were  indicated  to  be  available 
to  NFSS  survey  personnel  (based  on  review  of  FOSDIC  Item  21,  Survey  Method  Code), 
it  is  assumed  that  the  RTI  collected  data  are  more  nearly  correct  and  complete 
than  those  collected  in  the  NFSS.  Therefore,  PF’s  calculated  by  the  PF-COMP 
computer  program  using  these  data  were  used  as  the  base  against  which  the  other 
PF’s  were  compared  in  this  project. 


C.  Preparation  of  Data  for  Analysis 

Data  for  each  story  of  the  Work  Unit  1159C  buildings  determined  to  be  adequate 
for  this  analysis  were  prepared  on  punched  cards  for  machine  analysis.  Listings  of 
the  data  for  the  901  stories  analyzed  and  a  discussion  of  how  these  data  were  obtained 
are  given  by  city  in  Appendix  B.  Included  in  the  data  for  each  story  are  the  PF’s 
and  reduction  factors  determined  by  each  of  the  seven  methods  described  in  Section  II. B., 
Structural  Classification  (PV  Code),  Use  Class  Code,  number  of  shelter  spaces  determined 
in  the  P2-NFSS  and  EM-RTI  calculations,  and  the  following  selected  NFSS  reported 
building  characteristics  estimated  to  be  of  most  significance  in  PF  computations: 

1)  Average  aperture  sill  height. 

2)  Minimum  aperture  sill  height. 

3)  Average  percent  apertures  for  the  detector  story. 

A)  Maximum  percent  apertures  for  the  detector  story. 

5)  Height  of  detector  above  or  below  first  story  floor  level. 

6)  Total  overhead  weight. 

7)  Weight  of  ceiling. 

8)  Weight  of  floor. 

9)  Average  exterior  wall  mass. 
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10)  Average  wall  exposure  (for  basements  only). 

11)  Average  interior  partition  weight. 

12)  Average  percent  apertures  of  story  above. 

13)  Average  exterior  wall  weight  of  story  above. 

14)  Average  percent  apertures  of  story  below. 

15)  Average  wall  weight  of  story  below. 

For  several  reasons,  all  of  the  buildings  surveyed  under  Work  Unit  1159C  were  not 
analyzed  in  this  project  and  are  therefore  not  listed  m  Appendix  B.  A  list  of 
those  buildings  not  analyzed  in  this  project  is  given  in  Appendix  C;  they  were  not 
included  in  this  analysis  for  one  of  the  following  reasons: 

1)  Correspondence  of  NFSS  building  part  nunbers  and  RXI  assigned  part 
numbers  could  not  be  determined.  Shelter  marking  sketches,  NFSS  Phase  1 
F0SD1C  forms,  or  Phase  2  DCF's  were  required  to  identify  part  nunbers 
assigned  to  complex  buildings  in  the  NFSS  and  these  were  not  always 
available,  especially  during  the  field  survey  phase.  Therefore,  if  such 
data  were  not  available,  it  was  impossible  to  determine  which  portion  of 
a  complex  building  should  be  compared  with  RT1  results.  In  many  cases 
the  RTI  analyst  considered  it  necessary  to  break  a  building  into  multiple 
parts,  whereas  the  NFSS  submission  was  done  as  a  single  building  part. 
Conversely,  many  buildings  subdivided  into  parts  in  the  NFSS  were  done 

as  one  part  by  RTI. 

2)  The  masher  of  stories  assigned  to  a  building  in  the  NFSS  did  not  match 
the  number  of  stories  assigned  by  the  RTI  field  survey  teams. 

3)  The  EH-NFSS  PF  or  the  EH-RTI  PF  was  not  obtained.  The  EM-NFSS  data 
extraction  program  yielded  the  NFSS  building  characteristics  which  are 
listed  in  Appendix  B  and  which  were  used  in  determining  the  relationship 
of  PF  to  selected  building  parameters.  The  EM-RTI  PF  was  the  base 
against  which  other  PF's  and  RF’s  were  analyzed. 


III.  STATISTICAL  ANALYSIS 


A.  Objective 

The  objective  of  this  analysis  wa3  to  describe  the  relationships  among  the 
various  PF  estimates,  taking  into  account  various  building  characteristics.  For 
example,  the  model  used  to  describe  the  relationship  between  the  NFSS  Phase  1 
(Pl-NFSS)  PF  and  the  PF-COMP  (EM-RTI)  PF  is: 

Y  =  KZ  +  C,  (1) 

where  Y  =  EM-RTI  PF,  Z  =  Pl-NFSS  PF,  C  »  a  bias  in  the  estimated  PF's,  and  K,  which 
is  a  function  of  building  characteristics  (X^,  ^  determined  in  the 

analysis. 

B.  Statistical  Technique 

The  principal  statistical  technique  used  to  analyze  data  of  these  types  is 
called  general  linear  model  analysis,  or  simply  "regression”  analysis.  As  stated 
in  Reference  12,  "Regression  analysis  may  be  defined  as  the  estimation  or  prediction 
of  the  value  of  one  variable  from  the  values  of  other  given  variables."  Using  this 
procedure  in  the  preceding  example,  an  expression  could  be  determined  for  K  as  a 
function  of  the  variables  X^,  X^,  ....  X^. 

An  illustration  of  this  technique  is  given  by  the  following  simple  example  from 
pages  146-161  of  Reference  13.  The  first  two  colwnns  of  Table  II  give  ten  pairs  of 
values  which  are  also  graphically  represented  in  Figure  1  as  a  scatter  diagram.  The 
problem  is  to  determine  the  linear  equation  that  will  yield  for  each  X-value  a  certain 
Y-value  (Ye)  which  will  be  an  estimate  of  the  actual  Y-value.  The  linear  equation 
for  the  line  of  best  fit  can  be  written  in  the  form: 

Ye  «  a  +  bX.  (2) 

The  method  of  least  squares  is  the  method  of  fitting  a  line  to  a  set  of  n  points  in 

2 

such  a  way  that  E(Y-Ye)  has  its  smallest  value,  where  the  svss  is  calculated  for  the 

given  n  pairs  of  values  of  X  and  Y.  The  problem  now  has  been  reduced  to  finding,  for 

the  given  pairs  of  values  of  X  and  Y,  the  constants  a  and  b  of  equation  (2)  in  such 
2 

a  way  that  £(Y-Ye)  is  minimized.  By  the  methods  of  the  differential  calculus,  values 
for  a  and  b  are  determined  by  the  following  two  linear  equations: 

an  4  btX  =  EY  (3) 

a  EX  +  bIX2  -  DCY.  (4) 
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Table  II 


CALCULATION  OF  REGRESSION  LINE  AND  RELATED  QUANTITIES  FOR  THE 
REGRESSION  EXAMPLE  DATA?/ 


X 

r 

XT 

X 

r* 

r. 

r-  r. 

tr  -  r.l- 

45 

632 

293.55 

2075 

42.6409 

7.28 

-075 

0.5625 

42 

CO 

264.60 

1764 

39.o900 

675 

-0.45 

0X025 

56 

932 

531.12 

3136 

90.6304 

977 

0.30 

0.3900 

4* 

730 

360.00 

2304 

56.2500 

7.81 

-0.31 

0.0961 

42 

6.99 

293.5* 

1764 

48X601 

635 

0.24 

0.0576 

35 

5.93 

2C6J50 

1225 

34X100 

532 

0.38 

0.1444 

31 

9A9 

550.42 

3364 

90.0601 

637 

-0.08 

0.CO64 

40 

6.70 

248.00 

1600 

35.4400 

6.43 

-0.20 

0.0400 

39 

635 

255.45 

1521 

42.9025 

6.22 

033 

0.1059 

50 

632 

42600 

2500 

76.0384 

8.16 

0.56 

0X136 

455 

7270 

3441.52 

21203 

5603221 

1.6220 

X  Value 


5.  1.  Relation  Between  Regression  Line,  Points  of  Scatter  Diagram, 
and  Standard  Error  of  Estimate?/ 
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-  0.40 
.952 


Source:  Reference  13 


The  quantities  required  in  the  solution  of  these  equations  are  also  given  in 
Table  II.  The  equation  of  the  line  of  regression  of  Y  and  X  takes  the  fona: 


Ye  =  -0.64  +  0.176X.  (5) 

The  standard  error  associated  with  this  equation  is  called  the  “standard  error 
of  the  estimate"  and  is  given  by: 


The  standard  error  for  this  example  is  0.40,  which  indicates  that  about  two-thirds 
of  the  observed  values  of  Y  fall  within  a  region  bounded  by  two  lines  drawn 
parallel  to  the  line  of  regression  at  a  vertical  distance  of  0.40  from  It  as  shown 
on  Figure  1.  A  measure  of  the  correspondence  between  the  X  and  Y  values  can  be 
obtained  by  the  "correlation  coefficient"  which  is  given  by: 


In  this  example,  the  correlation  coefficient  is  0.952.  The  larger  the  correlation 
coefficient  is  in  absolute  value,  the  closer  the  points  lie  to  a  straight  line  and 
the  stronger  is  the  evidence  of  a  linear  relationship. 

Because  of  numerous  calculations  required  in  this  statistical  analysis,  a 
computer  program  was  used.  This  program  is  a  part  of  the  "TSAR  System"  {Ref.  14], 
which  is  a  set  of  programs  written  by  Duke  University  Computation  Center,  Durham. 

North  Carolina,  for  the  law  360,  Model  75  Computer.  The  output  from  this  program, 
which  is  discussed  in  detail  in  Appendix  D,  contains  estimates  of  K  and  C  (Equation  1) 
and  an  indication  of  the  most  important  variables  (X)  by  giving  the  correlation 
coefficient  for  each  regression.  The  standard  error  given  in  the  output  is  the 
root  mean  square  of  the  deviations  of  data  points  from  the  regression  line. 
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c. 


Regression  Analyses  Considered 

As  an  example  of  the  types  of  analyses  performed,  those  pertaining  to  the 
relationship  of  the  NFSS  Phase  1  (P1-NF5S)  coaputation  and  the  RTI  Engineering 
Manual  (EM-KTI)  computations  are  explained  in  some  detail. 

1.  Protection  Factors 

rhe  first  attenpt  was  to  find  constants  K  and  C  such  as  to  allow  one  to 
predict 

EM-RTI  PF  »  K  (Pl-NFSS  PF)  +  C.  (8) 

The  regression  or  least  squares  estimates  for  K  and  C  are  0.650  and  94.  The 
analysis  of  \ariance  associated  with  this  regression  analysis  is  as  follows: 


Source 

Sun  of 
Squares 

Degrees  of 
Freedom 

Mean 

Square 

Regression  due  to  C 

15.370,123 

1 

Regression  due  to 

K  given  C 

12,272,790 

1 

21.272,790 

Residual  (error) 

19,077,371 

338 

56,442 

Total 

46,720,284 

340 

Figure  2  shews  a  plot  of  the  340  data  points  and  the  fitted  function.  The 
figure  also  shows  parallel  lines,  238  units  above  and  below  the  fitted  line. 
This  value  (238  units)  is  the  standard  error  of  the  estimate  and  is  computed 
as  the  square  root  of  the  average  squared  deviation  of  the  predicted  EM- 
RTI  values  froa  the  observed  values.  These  lines  represent  approximations 
to  the  662  confidence  limits  for  predicted  individual  EH-RTI  ?F  values  for 
a  given  Pl-NFSS  Pr  ^alue.  In  other  words,  this  band  should  cover  the  true 
EM-RTI  PF  value  approximately  two-thirds  of  the  time. 

2.  Logarithms  of  Protection  Factois 

A  second  attempt  was  to  fit  a  function  of  the  type: 

In  (EM-RTI  PF)  -  Kin  (Pl-KFSS  PF)  +  C.  (9) 

The  values  for  K  and  C  which  minimize  the  deviations  of  the  predicted  In 
(Dt-RTI  PF)  values  from  the  observed  are  0.731  and  1.378.  The  analysis 
of  variance  associated  with  this  equation  is  as  follows: 


12 


1000 


(eaca  IIS  8ufsn  SKOD-id) 
aoaoej  00730330:1,1  HS-K3 


13 


Relationship  liotwoon  Pl-NFSS  and  EM-RTI  Protection  Factors. 


Source 


Regression  due  to  C 

Regression  due  to 
R  given  C 

Residual  (error) 

Tot  si 


Sua  of 
Squares 

Degrees  of 
Freedoa 

Mean 

Square 

7,159.72 

1 

238.67 

1 

238.67 

231.43 

338 

0.685 

7,629.82 

340 

Figure  3  shows  the  plot  of  the  data,  the  fitted  line  and  the  66Z  confidence 
band.  Over  the  whole  scale  this  appears  to  be  a  better  fit  than  the  PF 
analysis  shown  in  Figure  2.  However,  if  attention  is  focused  on  the  region 
of  PF's  less  than  100,  the  results  lose  nuch  of  their  appeal. 

3.  jBs  tuction  Factors 

A  final  analysis  was  attempted,  using  the  reciprocals  of  protection 
factors,  i.e.,  reduction  factors.  The  values  of  K  and  C  in  the  equation 


EK-RTI  RF  *  K  (Pl-NFSS  RF)  +  C  (10) 

are  0.595  and  0.G05.  The  analysis  of  variance  table  appropriate  to  this 
equation  is  as  follows: 


Source 

Sum  of 
Squares 

Degrees  of 
Freedom 

Mean 

Square 

Regression  due  to  C 

0.097581 

1 

Regression  due  to 

K  given  C 

0.025662 

1 

0.025662 

Residual  (error) 

0.052969 

338 

0.000157 

Total 


0.176212 


340 


20  40  100  250  500  1000 


Pl-NFSS  Protection  Factor 
(KFSS  Phase  1) 


Relationship  Between  In  (Pl-NFSS)  and  In  (Si-KTI)  Protection  Factors 
(Total  Saaple  -  340  Shelter  Stories) 


A  second  regression  line,  forced  to  go  through  the  origin,  was  also  attempted. 
The  value  of  K  in  the  equation 

EM-RTI  RF  =  K  (Pl-NFSS  RF)  (11) 

is  0.773.  The  analysis  of  variance  table  for  this  regression  becomes: 


Source 

Sum  of 
Squares 

Degrees  of 
Freedom 

Mean 

Square 

Regression  due  to  K 

0.119654 

1 

0.119654 

Residual  (error) 

0.056558 

339 

0.000167 

Total 

0.176212 

340 

Both  of  these  regression  lines  are  shown  in  Figure  4.  An  examination  of 
these  two  analyses  suggests  that  there  is  an  improvement  in  the  fit  of  the 
regression  line  when  it  is  not. forced  through  the  origin;  i.e.,  the  mean 
square  of  the  residual  error  is  less. 

D.  Discussion 

An  examination  of  the  data  displays  and  the  regression  lines  shown  in  Figures  2 
through  4  indicates  relatively  poor  fits  for  all  regression  lines.  Consequently, 
it  was  difficult  to  determine  an  "optimum"  curve-fitting  method  for  the  data. 

The  above  analysis  indicates  that  the  use  of  logarithms  gives  slightly  better  results, 
followed  by  reduction  factors  and  protection  factors  in  that  order.  Nevertheless, 
reduction  factors  were  used  due  to  their  immediate  availability  from  NFSS  records 
and  their  ease  of  interpretation. 

Separate  values  of  K  were  calculated  for  each  of  the  five  cities  to  determine 
whether  fundamental  differences  in  NFSS  survey  procedures,  differences  in  building 
construction  practice,  etc.,  caused  significant  differences  from  city  to  city. 
Similarly,  when  it  appeared  that  the  relationship  describing  a  certain  PF  estimate 
was  fundamentally  different  for  buildings  with  certain  characteristics,  separate 
estimates  of  K  were  computed. 
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EM-RTI  Reduction  Factor 
(PF-COMP  Using  RTI  Data) 


0.100 


0.090 


0.080 
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Standard  Error  of  Estimate  *  0.013 

©  EM-RTI  RF  =  0.595  [Pl-NFSS  RF]  +  0.005 
Standard  Error  of  Estimate  *  0.013 
Correlation  Coefficient  »  0.571 


Note:  standard  error  of  estimate  regions 
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Fig.  4.  Relationship  Between  Pl-NFSS  and  EM-RTI  Reduction  Factors 
(Total  Sample  -  340  Shelter  Stories) 


IV.  RESULTS 


A.  Relationship  Between  NFSS  Phase  1  and  PF-COMP  Results 
1.  Total  Sample  and  Individual  City  Results 

A  comparison  of  NFSS  Phase  1  (Pl-NFSS)  results  with  PF-COMP  (EM-RTI) 
results,  which  are  based  on  Engineering  Manual  procedures,  indicates  the 
overall  difference  in  computer  results  due  to  both  procedural  differences 
in  the  methods  and  variations  in  collection  and  reporting  of  field  data, 
a.  Linear  Regression  Using  Reduction  Factors 

The  linear  regression  equations  determined  by  comparing  Pl-NFSS 
and  EM-RTI  results  (with  all  building  characteristics  included)  are 
shown  in  Table  III  for  all  eligible  stories  in  the  sample  and  for 
the  eligible  stories  in  each  city.  To  be  eligible  for  inclusion  in 
this  analysis,  it  was  required  that  each  story  have  Pl-NFSS,  Pl-RTI, 
and  EM-RTI  PF's  available  so  that  comparisons  of  these  three  results 
would  be  based  on  the  same  sample  size.  The  relationship  of  the  RF’s 
obtained  using  Pl-NFSS  and  EM-RTI  procedures  for  the  340  total  sample 
stories  is  shown  in  Figure  4  (repeated  in  Appendix  E  as  Figure  E-l) 

4/ 

along  with  the  resultant  regression  line.— 

It  is  difficult  to  discern  the  trends  in  the  mathematical  relationship 
between  the  Pl-NFSS  and  EM-RTI  results,  which  are  based  on  reduction 
factors,  by  inspection  of  the  multiplicative  factor  (K)  and  the  constant 
(C).  Therefore,  the  equations  were  solved  for  Pl-NFSS  reduction  factors 
corresponding  to  PF’s  of  20,  40,  and  100  and  the  resultant  EM-RTI 
PF's  are  also  given  in  Table  III.  The  results  for  the  total  sample 
and  for  each  of  the  cities  indicate  that  NFSS  Phase  1  PF's  are  conservative 
(low)  for  PF  values  of  20  and  40  when  compared  to  Engineering  Manual 
results  (PF-COMP) ,  but  all  sample  results  are  nonconservative  (high) 
for  NFSS  Phase  1  PF's  of  100.  Solving  the  equation  to  determine  the 
PF  at  which  results  become  nsneenservative  (high)  for  the  total  sample 
gives  a  PF  of  74.  There  are  significant  differences  noted  in  results 
from  one  city  to  another,  with  San  Jose  NFSS  Phase  1  results  appearing 
to  be  the  most  conservative  (low).  However,  the  correlation  coefficient 
for  San  Jose  is  the  smallest  (0.387). 


—  Similar  illustrations  for  the  remaining  42  regression  analyses  are  shown 
in  Appendix  E. 
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A  comparison  of  results  for  all  stories  in  all  of  the  cities 
chat  have  a  protection  factor  less  than  100  gave  a  K  of  0.347,  with 
a  C  of  0.014,  and  a  correlation  coefficient  of  0.255.  This  indicated 
that  breakdown  of  the  total  sample  by  PF  range  was  not  a  significant 
parameter. 


Table  III 

COMPARISON  OF  Pl-NFSS  RESULTS  WITH  EM-KTI  RESULTS* 
(Standard  Regression) 


Sample 

Sample 

Size 

EM-RTI  RF  * 

K  f Pl-NFSS  RF1  +  C 

Estimated  EM-RTI  PF 
When  Pl-NFSS  PF  Is: 

K 

C 

Standard 

Error 

Correlation 

Coefficient 

20 

40 

100 

All  Cities 

340 

0.595 

0.005 

0.013 

0.571 

29 

50 

91 

Providence 

58 

0.735 

0.005 

0.009 

0.712 

24 

43 

81 

Detroit 

47 

0.875 

0.003 

0.014 

0.685 

21 

40 

85 

New  Orleans 

117 

0.655 

0.005 

0.013 

0.590 

26 

47 

87 

Albuquerque 

23 

0.730 

0.004 

0.008 

0.843 

25 

45 

88 

San  lose 

90 

0.353 

0.C07 

0.013 

0.387 

41 

63 

95 

*See  Figures  E-l  through  E-6  of  Appendix  E  for  displays  of  the  data  analyzed  in  each 
sample. 
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b.  Linear  Regression  (Through  the  Origin)  Using  Reduction  Factors 

Forcing  the  regression  line  through  the  origin  elimates  the 
constant  (C)  in  the  equation,  with  the  relationship  between  PF  methods 
then  expressed  as  a  function  of  a  single  multiplicative  factor  (K) . 

However,  as  discussed  in  Section  III,  these  results  are  not  as  statistically 
significant  as  the  results  determined  when  the  regression  line  is  not 
forced  through  the  origin. 

Ther'  ve,  only  the  results  of  comparing  Pl-NFSS  and  EM-RTI  data 
(Table  I'  a’-e  discussed  in  this  report  although  similar  regression 
equations  for  all  other  comparisons  are  given  or*  the  data  displays  contained 
in  Appendix  E. 

Analysis  of  Table  IV  indicates  that  all  estimated  EM-RTI  protection 
factors  are  higher  than  Pl-NFSS  results,  i.e.,  the  Pl-NFSS  PF's  are 
indicated  always  to  be  conservative.  This  is  in  contrast  with  results 
shown  in  Table  III,  where  Pl-NFSS  PF’s  in  all  samples  become  nonconservative 
somewhere  between  40  and  100. 


Table  IV 

COMPARISON  OF  Pl-NFSS  RESULTS  WITH  EM-RTI  RESULTS* 
(Regression  Line  Forced  Through  Origin) 


Sample 

Sample 

Size 

EM-RTI  RF  -  K  [Pl-NFSS  RF] 

Estimated  EM-RTI  PF 

When  Pl-NFSS  PF  Is: 

K 

Standard 

Error 

a 

40 

100 

All  Cities 

340 

0.773 

0.013 

26 

52 

129 

Providence 

58 

0.943 

0,009 

21 

42 

106 

Detroit 

47 

0.962 

0.014 

21 

42 

104 

New  Orleans 

117 

0.810 

0.013 

25 

49 

123 

Albuquerque 

28 

0.861 

0.008 

23 

46 

116 

San  Jose 

90 

0.571 

0.014 

35 

70 

175 

*See  Figures  E-l  through  E-6  of  Appendix  E  for  displays  of  the  data  analyzed  in 


each  sample. 
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2.  Significance  of  Building  Characteristics 

The  correlation  coefficient  is  a  measure  of  the  importance  of  each 
variable  in  the  regression  analysis.  A  review  of  the  regression  analysis 
results  (the  TSAR  regression  analysis  printout  for  Pl-NFSS  vs-  EM-RTI  is 
shown  in  Appendix  D)  indicated  that  no  single  parameter  or  group  of 
parameters  added  significantly  to  the  correlation  coefficient.  However, 
based  jn  results  of  these  analyses  and  engineering  judgment,  separate 
estimates  of  K  were  made  for  basements,  upper  stories,  and  each  of  these 
further  subdivided  into  stories  with  roof  contribution  of  >50  percent  or  <50 
percent  of  the  total  contribution.  These  results,  shown  in  Table  V,  indicate 
that  no  significant  increase  in  the  correlation  coefficient  is  obtained 
by  these  subdivisions  of  the  total  sample.  However,  knowledge  that  the 
shelter  story  is  a  basement  gives  an  equation  with  a  correlation  coefficient 
approximately  the  same  as  that  for  the  total  sample  and  a  smaller  standard 
error.  It  is  noted  that  only  basements  with  <50  percent  roof  contribution 
are  predicted  to  have  EM-PF's  greater  than  100  (conservative)  when  the  NFSS 
Phase  1  PF  is  100. 

Also  shown  in  Table  V  are  results  obtained  by  subdividing  the  total  sample 
by  NFSS  Use  Class  and  Structural  Classification.  Each  of  these  groupings, 
other  than  Government  and  Public  Service  Use  Class,  enables  slightly  better 
estimates  of  EM-PF's  to  be  made  than  those  made  for  the  total  sample  or  for 
the  subdivision  by  basement  and  above-grade  stories.  NFSS  Phase  1  PF's  for 
Educational,  Industrial,  and  Steel-Framed  buildings  are  conservative  when 
compared  to  each  cf  the  three  estimated  EM-RTI  results.  All  three  estimates 
of  EM-RTI  PF's  for  commercial  buildings  indicate  that  NFSS  Phase  1  PF's  are 
nonconservative  (high)  for  each  estimate;  this  is  based  on  a  relatively  large 
sample  of  141  stories. 
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Table  V 


COMPARISON  OF  Pl-NFSS  RESULTS  WITH  EM-RTI 
RESULTS  FOR  SPECIFIC  BUILDING  CHARACTERISTICS* 


Sample 

K  fPl-KFSS  RFl  +  C 

wmwwm 

Sample 

Size 

K 

C 

Standard 

Error 

Correlation 

Coefficient 

20 

40 

100 

Total  Sample 

340 

H 

0.005 

0.013 

0.571 

29 

50 

91 

Basements 

116 

ns 

C.003 

0.009 

0.573 

23 

43 

91 

Roof  Contribution 

2.502  of  Total  RF 

98 

0.880 

0.003 

0.009 

0.603 

21 

60 

85 

Roof  Contribution 

<502  of  Total  RF 

18 

0.577 

0.002 

0.007 

0.498 

32 

61 

129 

Above-Grade  Stories 

224 

0.543 

0.007 

0.014 

0.487 

29 

49 

80 

Roof  Contribution 

^502  of  Total  RF 

25 

0.660 

0.007 

0.  vj16 

0.539 

25 

43 

74 

Roof  Contribution 

<502  of  Total  RF 

199 

0.535 

0.007 

0.014 

0.484 

30 

49 

81 

Use  Class 

Residential 

55 

0.744 

0.005 

0.008 

0.609 

24 

42 

80 

Educational 

43 

0.776 

0.002 

0.008 

0.679 

25 

47 

102 

Religious 

6A* 

- 

- 

- 

- 

- 

- 

- 

Gov't  &  Public 

Service 

41 

0.520 

0.005 

0.013 

0.459 

32 

56 

98 

Commerical 

141 

0.931 

0.005 

0.0C9 

0.673 

19 

35 

70 

Industrial 

14 

0.410 

0.004 

0.007 

0.601 

41 

70 

123 

Amusement 

4 

- 

- 

- 

- 

- 

- 

- 

Transportation 

3 

- 

- 

- 

- 

- 

- 

- 

lEsrr??  • .  iL.,1" 

Wood  Frame 

8 

- 

- 

- 

- 

- 

- 

- 

Wall-Bearing 

82 

0.882 

0.002 

0.010 

0.605 

22 

42 

92 

Steel-Framed 

96 

0.614 

0.002 

0.007 

0.602 

31 

58 

123 

Reinforced-Concrete 

Framed 

119 

0.628 

0.004 

0.010 

0.554 

28 

51 

97 

Compos i te-Fraaed 

2 

~ 

~ 

- 

*See  Figure  E-I  and  E-7  through  E-20  of  Appendix  F  for  displays  of  the  data  analyzed  in  each 
sample. 

**Results  for  sample  sizes  of  10  or  less  are  not  reported. 
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3. 


Analysis  of  Variation 

The  preceding  Sections  IV. A. 1.  and  2.  have  described  a  large  variation 
in  NFSS  Phase  1  (Pl-NFSS)  results  and  PF-COMP  (EM-RTI)  results.  Sources  of 
variation  that  are  present  in  PF  estimates  include  simple  measurement  errors 
(such  as  incorrect  estimates  of  dimensions  or  mass  thicknesses),  and 
procedural  differences  (differences  arising  from  the  use  of  shorter 
approximate  methods  to  calculate  the  PF,  instead  of  more  detailed  procedures). 
PF's  for  the  sample  buildings  calculated  by  NFSS  Phase  1  procedures  and  using 
RTI  collected  input  data  (Pl-RTI)  can  be  used  to  estimate  these  variations. 

NFSS  Phase  1  results  were  noted  in  Table  IV,  and  repeated  in  Table  VI. 
to  be  conservative  for  PF  values  of  approximately  74  or  less  and  nonconservative 
for  larger  values  when  compared  to  EM-RTI  results.  An  estimate  of  variation 
due  to  simple  measurement  errors  and  other  input  discrepancies  can  be  obtained 
by  comparing  estimates  of  Pl-NFSS  with  estinates  of  Pl-RTI.  Solution  of  the 
equations  with  results  shown  in  Table  VI  indicates  chat  differences  in  input 
data  collected  by  AE’s  and  by  RTI  analysts  cause  AE  estinates  (Pl-NFSS)  to  be 
ncnconservative  (high)  above  a  PF  of  approximately  32  when  compared  to  RTI 
estimates  (Pl-RTI).  This  indicates  that  the  AE-estinated  building  charac¬ 
teristics  are  nonconservative  when  compared  to  RTI  data;  e.g.,  mass 
thicknesses  were  probably  over-estimated  as  found  in  Reference  8.  It  was 
also  noted  in  reviewing  sample  building  data  that  many  buildings  contained 
partial  basements  and  the  AE’s  almost  always  chose  to  break  the  building  into 
parts  to  account  for  this  characteristic.  This  was  done  because  the  NFSS/NBS 
Program  assumed  the  basement  area  to  be  the  same  as  the  first  story  area. 
Division  of  buildings  into  parts  considerably  reduced  the  amount  of  roof  and 
ground  contribution. 

3y  comparing  Pl-RTI  results  with  EM-RTI  results,  similar  estimates  of 
variation  due  to  procedural  differences  in  the  NFSS/NBS  Computer  Program  and 
the  PF-COMP  Computer  Program  can  be  determined.  PF  values  shown  in  Table  VI 
for  this  regression  indicate  that  all  three  Pl-RTI  estimates  are  conservative 
when  compared  to  EM-RTI  estimates.  The  correlation  coefficient  for  this 
regression  is  relatively  large. 

The  above  comparisons  indicate  that  Phase  1  NFSS  results  are  often 
nonconservative  (high)  when  compared  to  EM-RTI  results  because  of  input  data 
differences. 


23 


Table  VI 


REGRESSION  ANALYSIS  RESULTS  USED  IN  ESTIMATING  VARIATION  OF  NFSS  PHASE  1  RESULTS* 


Regression 

(Ind.  vs.  Dep.) 

Sample 

Size 

Dependent  RF  - 

K [Independent  RFl+C 

Estimated  Dependent  PF 
When  Independent  PF  Is: 

K 

C 

Standard 

Error 

Correlation 

Coefficient 

20 

40 

100 

Pl-NFSS  vs.  EM-RTI 

340 

0.595 

0.005 

0.013 

0.571 

29 

50 

91 

Pl-NFSS  vs.  Pl-RTI 

340 

0.679 

0.010 

0.017 

0.507 

23 

37 

60 

Pl-RTI  vs.  EM-RTI 

340 

0.573 

0.003 

0.010 

C.736 

32 

58 

115 

*See  Figures  E-l,  E-21,  and  E-22  of  Appendix  E  for  displays  of  the  data  analyzed 
in  each  sample. 


4.  Analysis  of  Work  Unit  1115A  Data 

NFSS  PF  results  for  32  buildings  were  analyzed  under  OCD  Work  Unit  1115A 
[Ref.  8];  however,  the  statistical  technique  of  regression  analysis  was  not 
used  to  compare  these  findings.  Although  the  sample  size  was  quite  small, 
results  of  regressions  for  Pl-NFSS  vs.  BJ  (hand  calculations),  Pl-RTI  vs.  EM 
(hand  calculations),  and  Pl-NFSS  vs.  Pl-RTI  are  shown  ii.  Table  VII. 

Both  Pl-NFSS  and  Pl-RTI  results  for  the  32  buildings  are  quite  conservative 
when  compared  to  Engineering  Manual  hand  calculations.  This  is  the  same  result 
noted  in  Table  VI  for  Pl-RTI  vs.  EM-RTI,  but  the  Pl-NFSS  vs.  EM-RTI  regression 
indicates  nonconservative  results  for  PF's  above  74. 

Comparison  of  protection  factors  for  Pl-NFSS  vs.  Pl-RTI  data  for  the  32 
buildings  in  Table  VII  with  comparable  results  in  Table  VI  (the  current  sample) 
Indicates  amazing  similarity  of  results. 


« 
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Table  VII 


REGRESSION  ANALYSIS  RESULTS  FOR  WORK  UNIT  1115A  PHASE  1  DATA* 


Regression 

(lnd.  vs.  Dep.) 

Sample 

Size 

Dependent  RF 

=  Kf Independent  RF1+C 

Estimated  Dependent  PF 
When  Independent  PF  Is: 

K 

C 

Standard 

Error 

Correlation 

Coefficient 

20 

40 

100 

Pl-NFSS  vs.  EM 

32 

0.292 

+0.004 

0.008 

0.194 

54 

88 

145 

Pl-NFSS  vs.  Pl-RTI 

32 

0.561 

+0.012 

0.012 

0.258 

25 

38 

57 

Pl-RTI  vs.  EM 

32 

0.496 

-0.001 

0.006 

0.714 

42 

88 

253 

*See  Figures  E-23  through  E-25  of  Appendix  E  for  displays  of  the  data  analyzed 
in  each  sample. 
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Relationship  Between  NFSS  Phase  2  and  PF-COMP  Results 
1.  Total  Sample  and  Individual  City  Results 

NFSS  Phase  2  .results  would  ncmally  be  of  most  significance  in  this 
analysis,  because  the  results  of  this  phase  determined  those  buildings  to 
be  marked  as  fallout  shelters .  However,  due  to  problems  discussed  in 
Section  II. B. 2.,  only  the  protection  factor  category  was  known  for  133 
shelter  stories.  Consequently ,  analyses  based  on  NFSS  Phase  2  data  should 
be  interpreted  accordingly . 

Results  of  the  regression  analyses  of  P2-NFSS  and  EM-RTI  results  are  shown 
in  Table  VIII  for  all  eligible  stories  in  the  sample  and  for  the  eligible 
stories  in  each  city-  To  be  included  in  this  analysis,  it  was  required  that 
each  story  have  P2-NFSS,  P2-RTI,  and  EM-RTI  PF's  available  so  that  comparisons 
of  these  three  results  would  be  based  on  the  same  sample  size.  Estimated 
EM-RTI  PF’s  for  P2-NFSS  PF's  of  20  are  not  given  in  Table  VIII  and  later 
tables  based  on  NFSS  Phase  2  data  because  only  stories  with  a  PF  of  at 
least  40  are  included  in  the  NFSS  Phase  2. 

Phase  1  results  served  as  an  initial  estimate  of  PF's  which  were 
adjusted  upward  in  almost  all  cases  in  Phase  2.  Having  previously  analyzed 
the  Phase  1  results  in  Section  IV. A.,  the  results  displayed  in  Table  VIII  are  as 
expected  other  than  the  PF  40  estimate  in  Detroit  and  for  the  PF  100  estimate 
in  Albuquerque.  The  NFSC  Phase  2  (P2-NFSS)  estimated  PF's  for  Detroit  are 
lower  than  NFSS  Phase  1  (PI -NFSS)  estimated  PF’s  as  indicated  by  the  decreased 
K  factor  and  the  increased  EM-RTI  PF  estimate  for  an  NFSS  PF  40.  This  result 
is  very  likely  dile  to  the  large  number  of  partial  basements  in  Detroit  which 
yielded  results  in  Phase  1  that  were  subsequently  lowered  in  Phase  2.  In 
Albuquerque,  changes  in  PF  Category  were  made  in  30  of  the  41  sample  shelter 
stories.  The  Phase  2  results  are  as  expected  at  the  PF  40  point  (even  Chough 
P2-NFSS  is  nonconservative  at  that  point)  but  indicate  considerable  reduction 
in  PF  in  higher  PF  shelter  stories.  This  indicates  that  the  AE  recognized 
additional  sources  of  contribution  in  many  of  the  shelter  stories;  e.g., 
areaways  or  over-estimated  wall  weights. 

There  are  very  significant  increases  in  the  correlation  coefficients  in 
Detroit  and  San  Jose  from  the  NFSS  Phase  1  analysis  to  the  NFSS  Phase  2  analysis. 
There  is  a  significant  decrease  noted  in  the  correlation  coefficient  for 
Albuquerque.  For  the  total  sample,  P2-NFSS  results  are  equal  to  EM-RTI 
estimates  at  PF  40  and  then  become  nonconservatlve. 
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Table  VIII 


COMPARISON  OF  P2-NFSS  RESULTS  WITH  EM-RTI  RESULTS* 


Sample 

Sample 

Size 

EM-RTI  RF  =  Kf P2-NFSS  RFl+C 

ijjggiiaftw 

K 

C 

St3ndsrd 

Error 

Correlation 

Coefficient 

40 

100 

All  Cities 

292 

0.890 

0.003 

0.011 

0.657 

40 

84 

Providence 

45 

0.745 

6.005 

0.008 

0.720 

42 

80 

Detroit 

52 

0.399 

0.010 

0.014 

0.953 

50 

72 

New  Orleans 

90 

1.016 

0.002 

0.009 

0.537 

36 

82 

Albuquerque 

41 

1.193 

-0.002 

0.389 

36 

112 

San  Jose 

64 

0.820 

0.003 

0.011 

0.698 

43 

88 

*See  Figures  £-26  through  E-31  of  Appendix  E  for  displays  of  the  data  analyzed  in 
aach  sample. 


Although  the  PF-COMP  (EM-RTI)  determination  of  shelter  spaces  was  not 
verified  by  return  visits  to  the  buildings.  Table  IX  shows  an  interesting 
correlation  of  these  data  to  those  noted  in  the  NFSS  Phase  2  (F2-NFSS).  Total 
sample  shelter  spaces  with  a  PF  of  at  least  100  identified  by  PF-COM?  are 
identical  to  those  identified  in  the  NFSS  Phase  2,  although  there  is  considerable 
variation  from  city  to  city.  PF-COMP  indicates  that  there  are  approximately 
50  percent  more  spaces  with  a  PF  cf  at  least  40  than  were  identified  in  the 
NFSS  Phase  2  for  the  total  sample. 

Table  IN  also  shows  the  results  for  numbers  of  stories  found  to  have 
shelter  space  of  at  least  PF  40.  Each  procedure  identified  shelter  on  the 
same  story  for  327  stories;  there  are  41  stories  identified  as  shelter  stories 
by  the  NFSS  that  were  not  found  to  have  shelter  by  PF-COMP;  and  PF-COK?  identified 
133  shelter  stories  that  are  not  contained  in  NFSS  files.  This  latter  result 
is  primarily  due  to  the  XFSS/NBS  Phase  1  Computer  Program  being  conservative 
for  the  lower  PF  values. 


SHELTER  SPACES  AND  SHELTER  STORIES  IN  SAMPLE  BUILDINGS 
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2.  Significance  of  Building  Characteristics 

Table  X  contains  results  of  regression  analyses  obtained  by  subdividing 
the  total  sample  by  basement  and  above-grade  stories,  by  Use  Class,  and  by 
Structural  Classification.  For  the  Use  Class  and  Structural  Classification 
subdivisions,  all  stories  with  P2-NFSS  and  EM-RTI  results  are  included,  whereas 
the  analysis  for  the  total  sample,  basement,  and  above-grade  stories  also 
required  that  the  shelter  story  have  a  P2-RT1  estimate. 

Table  X 

COMPARISON  OF  P2-NFSS  RESULTS  WITH  EM-RTI  RESULTS  FOR 
SPECIFIC  BUILDING  CHARACTERISTICS 


Sample 

bSiupl  6 

Size 

EM-RTT.  RF  =  K[P2-HFSS  RF]+C 

Estimated  EM-RTI  PF 

When  P2-NFSS  PF  Is: 

K 

— 

c 

Standard 

Error 

Correlation 

Coefficient 

40 

100 

Total  Sample 

292 

0.890 

0.003 

0.011 

0.657 

40 

84 

Basements 

131 

0.884 

0.003 

0.551 

40 

84 

Above-Gride  Stories 

161 

0.920 

0.004 

0.579 

37 

76 

Use  Class 

Residential 

88 

0.009 

0.013 

0.283 

44 

69 

Educational 

47 

0.002 

0.010 

0.533 

40 

90 

Religious 

7 

- 

- 

- 

- 

- 

Cov't  &  Public 

Service 

68 

-0.002 

0.015 

C.729 

30 

83 

Commercial 

151 

1.210 

-0.002 

0.012 

0.647 

35 

99 

Industrial 

16 

0.397 

0.006 

0.008 

0.558 

83 

100 

Amusement 

4 

- 

- 

- 

- 

- 

- 

Transportation 

3 

- 

- 

- 

- 

- 

- 

Structural  Class 

Wood  Frame 

8 

- 

- 

- 

- 

- 

- 

Wall-Bearing 

98 

0.829 

0.004 

0.011 

0.493 

40 

81 

Ste-i-Framed 

119 

0.958 

0.002 

0.014 

0.484 

39 

86 

Reinforced  Concrete- 

Framed 

157 

1.233 

-0.001 

0.013 

0.681 

34 

88 

Compos i t e-Framed 

2 

— 

— 

- 

— 

*See  Figure  E-26  and  E-32  through  E-41  of  Appendix  E  for  displays  of  the  data  analyzed 
in  each  sample. 
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3.  Analysis  of  Variation 

The  comparison  of  P2-NFSS  results  with  EM-RTI  estimates  indicates  that 
NFSS  Phase  2  results  are  nonconservative.  The  RTI  calculations  using  NFSS 
Phase  2  procedures  and  RTI  input  data  can  be  used  to  estimate  the  influence  of 
procedural  differences  and  variations  due  to  differences  in  RTI  and  NFSS  input 
data. 

Table  XI  indicates  that  the  differences  in  input  data  noted  for  NFSS 
Phase  1  results  are  compounded  by  the  application  of  NFSS  Phase  2  adjustments. 
P2-NFSS  estimates  are  quite  nonconservative  when  compared  to  results  from  the 
RTI  analysis  using  NFSS  Phase  2  methods  (P2-RTI). 

The  analysis  of  procedural  differences  between  NFSS  Phase  2  methods  and 
the  PF-COMP  Program  are  shown  by  the  comparison  of  P2-RTI  vs.  EM-RTI  results. 
This  indicates  that  NFSS  Phase  2  procedures  as  applied  by  RTI  give  conservative 
results  when  compared  to  EM-RTI  results. 


Table  IX 

REGRESSION  ANALYSIS  RESULTS  USED  IN  ESTIMATING  VARIATION  OF  NFSS  PHASE  2  RESULTS* 


1 

Regression 

(Ind.  vs.  Dep.) 

Sample 

Size 

Dependent  RF 

*  Kf Independent  RFl+C 

Estimated  Dependent  PF 
When  Independent  PF  Is: 

'  K 

C 

Standard 

Error 

Correlation 

Coefficient 

.0 

100 

P2-NFSS  vs.  EH-RTI 

292 

0.890 

0.003 

0.011 

0.657 

.0 

84 

P2-NFSS  vs.  P2-KTI 

292 

0.945 

0.0^8 

0.016 

0.781 

32 

57 

P2-RTI  vs.  EM-RTI 

292 

0.528 

C.004 

_ 

0.010 

0.507 

58 

108 

*See  Figures  E-26,  E-42,  and  E-43  of  Appendix  E  for  displays  of  the  data  analyzed  in  each 
sample. 
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C.  PF-COMP  Calculations  I'-aing  NFSS  Data 

NFSS  data  collected  prior  to  February  1967  are  not  nearly  as  extensive  as 
those  normally  collected  for  the  PF-COMP  Program,  but  were  modified  for  PF-CGMP 
processing  as  described  in  Section  II. B. 5.  Processing  these  data  by  PF-COMP  indicates 
the  PF's  that  could  be  obtained  if  the  earlier  NFSS  data  were  recalculated  using  a 
program  cased  on  the  Engineering  Manual.  The  regression  equation  to  compare  these 
results  (EM-NFSS)  with  PF-COMP  (EM-RT1)  results  is: 

EM-RT1  RF  =  0.121[EM-NFSS  RFj  +  0.013,  (12) 

with  a  small  correlation  coefficient  of  0.354  and  a  very  large  standard  error  of 
0.016.  Results  from  this  equation  indicate  that  the  EM-NFSS  results  are  quite 
variable  when  compared  to  EM-RT1  results.  For  example,  when  the  EM-NFSS  PF's  are 
40  and  100,  the  corresponding  EM-RTI  PF's  are  62  and  70.  Calculated  values  of  EM-NFSS 
PF's  would  be  conservative  below  a  PF  of  69.  Because  of  input  differences  noted 
previously  in  Sect  .ons  IV. A.  and  B. ,  this  method  of  estimating  revised  values  for 
NFSS  shelter  stories  is  less  reliable  than  using  the  equations  for  NFSS  Phase  2 

The  use  of  RTI  collected  data  for  contaminated  planes  ana  interior  partitions 
to  supplement  NFSS  data  is  described  in  Section  II-B.6.  (EM-NFSS  &  RTI).  The 
relationship  of  these  results  to  EM-RTI  data  is  given  by: 

EM-RTI  RF  *  0.187 [EM-NFSS  &  RTI  RF]  +  0.013,  (13) 

which  also  has  a  small  correlation  coefficient  of  0.419  and  a  large  standari  error 
of  0.014.  Tnis  equation  is  not  significantly  different  from  the  equation  above  for 
EM-NFSS  data. 
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V.  CONCLUSIONS 


Mathematical  relationships  for  estimating  revised  Protection  Factor  values  for 
NFSS  structures  using  existing  NFSS  Phase  1  and  2  data  were  developed.  Unfortunately, 
none  of  these  relationships  proved  to  be  "optimum"  due  to  the  poor  data  fits  for  all 
regression  lines  developed.  As  a  result  of  this  statistical  analysis,  several 
conclusions  regarding  the  relationship  of  the  seven  PF  estimates  are  presented: 

1)  Revised  NFSS  PF's  for  individual  buildings  should  definitely  not  be 
estimated  nor  is  any  advantage  seen  in  revised  estimates  of  Phase  2  shelter 
PF’s  available  in  a  geographic  area  such  as  a  county.  This  conclusion  is 
drawn  because  NFSS  Phase  2  (P2-NFSS)  PF's  are  nonconsei vative  (high)  when 
compared  to  Engineering  Manual-RTI  (EM-RTI)  results  and  because  of  the 
difficulty  in  obtaining  Phase  2  PF  values  other  than  PF  Category  (see 
Section  II.A.2.).  The  results  in  Phase  2  are  not  sufficiently  nonconservative 
tc  cause  alarm,  since  the  regression  indicates  the  estimated  EM  PF  to  be  40 
when  the  NFSS  PF  is  40,  i.e.,  it  doesn’t  appear  that  shelte  rs  now  indicated  to 
be  acceptable  would  drop  below  PF  40. 

2)  PF's  calculated  using  NFSS  Phase  1  and  2  procedures  and  RTI  collected 
input  data  (Fl-RTI  and  P2-RTI)  are  both  conservative  (low)  when  compared  to 
Engineering  Manual-RTI  (EM-RTI)  results.  However,  as  stated  above,  original 
NFSS  results  are  nonconservative  when  compared  to  EM-RTI  results.  The  non¬ 
conservative  results  determined  in  the  NFSS  are  therefore  attributed  to  data 
collection  discrepancies.  This,  of  course,  assumes  the  RTI  collected  data  to 

be  more  nearly  correct  than  NFSS  daia  and  it  is  pointed  out  that  this  assumption 
was  not  verified  by  replication  of  a  sample  of  buildings  to  estimate  the  RTI 
field  data  variation.  One  substantiation  is  that  earlier  analysis  of  the 
relationship  between  Pl-NFSS  and  EM-RTI  PF's  under  OCD  Work  Unit  1115A  gave 
results  almost  identical  to  those  of  this  study. 

3)  Many  buildings  surveyed  in  the  NFSS  prior  to  February  1967  have  PF's  less 
than  40  and  are  consequently  not  contained  in  Phase  2  data  files.  The  regression 
equation  developed  for  the  total  sample  to  determine  the  relationship  between 
Pl-NFSS  and  EM-RTI  could  be  used  to  estimate  PF's  of  buildings  in  this  category. 
These  results  would  be  useful  in  damage  assessment  when  analysis  of  areas  as 
large  as  a  county  are  made.  No  advantage  is  gained  by  using  regression  equations 
for  subdivisions  of  the  total  sample  by  specific  building  characteristics. 
Obtaining  data  for  this  type  of  analysis  would  be  difficult  due  to  lack  of  NFSS 
Phase  1  output  data  in  NFSS  computer  files. 
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4)  Procedures  have  been  established  whereby  NFSS  Phase  1  and  2  input  data 
collected  prior  to  February  1967  can  be  processed  by  the  PF-COMP  Computer 
Program  now  used  in  the  NFSS.  However,  because  of  input  discrepancies  noted 
in  NFSS  data  when  compared  to  RTI  collected  data,  this  method  of  estimating 
revised  values  for  shelter  stories  is  not  recommended.  This  procedure  would 
give  PF's  for  each  story  of  a  building,  but  would  not  be  reliable. 

5)  A  comparison  of  NFSS  Phase  2  data  with  EM-RTI  data  indicated  that  (a)  each 
procedure  identified  shelter  on  the  same  story  for  327  stories;  (b)  there  are  41 
stories  identified  as  shelter  stories  by  the  NFSS  that  were  not  found  »-o  have 
shelter  by  PF-COMP;  and  (c)  PF-COMP  identified  133  shelter  stories  that  are  not 
contained  in  NFSS  files.  The  conclusion  is  that  the  current  use  of  PF-COMP 
will  substantially  increase  the  number  of  shelter  stories  in  Che  NFSS. 
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Appendix  A 


Contractual  Scope  of  Work 


Subcontract  Number:  11213(4949A-72) 


The  Subcontractor  shall  furnish  all  facilities,  personnel,  and  services  required  to 
perform  the  following  Statement  of  Work: 

(1)  Make  a  preliminary  examination  of  data  on  approximately  309  buildings, 
collected  under  OCD  Subtask  1159C  "Structural  Characteristics  of  NFSS 
Buildings,"  for  adequacy  related  to  the  present  task. 

(2)  Make  a  statistical  analysis  of  the  data,  providing  comparisons  of  the 
following  separate  estimates  of  the  protection  factor  (FF)  of  each 
building: 

(a)  PF  reported  under  NFSS  Phase  1; 

(b)  PF  reported  under  NFSS  Phase  2; 

(c)  PF's  calculated  by  NFSS  Phase  1  and  2  procedures,  using  Subcon¬ 
tractor’s  building  data; 

(d)  PF  calculated  by  Subcontractor's  computer  program,  (PF-COMP, 

CDC-3600)  using  building  data  obtained  in  NFSS  Phase  1  and  2; 

(e)  PF  calculated  by  Subcontractor's  computer  program,  using  building 
data  obtained  in  NFSS  Phase  1  and  2,  supplemented  by  Subcontractor's 
data  on  inputs  not  required  under  NFSS  procedures;  and, 

(f)  PF  calculated  by  Subcontractor’s  computer  program,  using  Subcon¬ 
tractor's  building  data. 

(3)  Provide  mathematical  relationships  useful  in  grossly  estimating  revised 
PF  values  for  NFSS  structures,  by  various  building  categories. 

(4)  Provide  a  fina1  report  covering  all  work,  including  a  tabulation  of  the 
PF  values  prescribed  in  paragraph  (2),  by  building,  building  type,  city, 
etc. 

(5)  Develop  graphic  displays  to  depict  the  mathematical  relationships  provided 
under  Task  (3) . 

(6)  Investigate  alternative  means  of  examining  NFSS  Phase  2  results  due  to  the 
availability  of  only  PF  Catefories  or.  NFSS  computer  tapes. 

(7)  Illustrate  the  variation  in  the  statistical  analysis  of  reduction  factors 
instead  of  protection  factors. 
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Appendix  B 
Sample  Building  Data 

I .  INTRODUCTION 

This  appendix  contains  data  for  each  story  of  the  buildings  surveyed  under 
OCD  Work  Unit  1159C  that  were  determined  to  be  adequate  for  analysis  in  this  project. 
Included  are  the  seven  estimates  of  PF,  reduction  factors,  structural  classification, 
Use  Class  Code,  number  of  shelter  spaces  determined  in  the  Phase  2-NFSS  and  Engineering 
Manual-RTI  calculations,  and  selected  building  characteristics. 

The  data  for  each  building  story  were  prepared  on  three  punch  cards  and  are 
presented  herein  in  a  printout  format.  A  description  of  the  column  headings  is 
contained  in  Section  II  and  data  for  Providence,  Detroit,  New  Orleans,  Albuquerque, 
and  San  Jose  are  contained  in  Sections  III  through  VII.  When  an  element  of  data  is 
not  applicable  or  not  obtainable,  the  column  is  left  blank.  For  example,  structural 
classification  and  Use  Class  Codes  are  given  only  for  stories  that  were  reported  in 
Phase  2  of  the  NFSS,  i.e.,  those  of  at  least  PF  40. 


B-l 


Card 

Number 


1 


II.  KEY  TO  DATA  ON  CARDS 


Column 

Heading  Description 


OBS 

NO 


The  "Observation  Number"  is  a  number  assigned  in  ascending 
sequence  to  identify  each  individual  story  analyzed  and  is 
the  first  column  of  data  on  each  punch  card. 


STANDARD  The  National  Location  Code  (NLC)  assigned  in  the  NFSS 

IXJCATION  Phase  1  to  define  the  geographic  area  in  which  the  building 

is  located. 


FACILITY 

NUMBER 

PART 

NO. 

STORY 

NO. 

PV 

CODE 


USE 

CODE 


RUN  1 

ROOF 

CONT 

TOTAL 

RF 

RUN  2 

TOTAL 

RF 


RUN  3 


ROOF 

CONT 

TOTAL 

RF 


A  five-digit  number  assigned  in  the  NFSS  Phase  1  to 
identify  each  building. 

Building  part  number  assigned  in  the  NFSS  Phase  1. 


Story  number  of  the  shelter  story  for  which  data  are 
reported . 

Structural  Classification  (PV  Code)  for  the  building  assigned 
in  NFSS  Phase  1  and  reported  herein  for  only  those  stories 
of  buildings  contained  in  NFSS  Phase  2  files. 

Use  Class  Code  for  the  building  assigned  in  the  NFSS  Phase  1 
and  reported  herein  for  only  those  stories  of  buildings 
contained  in  NFSS  Phase  2  files. 

Data  from  NFSS  Phase  1  calculations  (Pl-NFSS). 

Roof  contribution  to  the  detector  in  the  center  of  the 
story  analyzed. 

Total  reduction  factor  (roof  and  ground  contributions) 
for  the  detector. 

Data  from  NFSS  Phase  2  calculations  (P2-NFSS) . 

Total  reduction  factor  (roof  and  ground  contributions) 
for  the  detector  location.  Since  only  PF  categories  were 
reported  in  the  NFSS  Phase  2,  the  RF's  were  obtained  as 
described  in  Table  I. 

Data  from  calculations  using  NFSS  Phase  1  methods  and  RTI 
input  data  (Pl-RTI) . 

Roof  contribution  to  the  detector  in  the  center  of  the 
story  analyzed. 

Total  reduction  factor  (roof  and  ground  contributions)  for 
the  detector. 
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Card 

Number 

Column 

Heading 

Description 

1 

(cont'd.) 

RUN  4 

Data  from  calculations  using  NFSS  Phase  2  methods  and 

RTI  input  data  (P2-RTI). 

TOTAL 

RF 

Total  reduction  factor  (roof  and  ground  contributions) 
for  the  detector  location.  Calculated  RF’s  are  reported. 

RUN  5 

Data  from  PF-COMP  calculations  using  NFSS  Phase  1  and 

Phase  2  building  input  data  (EM-NFSS). 

TOTAL 

RF 

Total  reduction  factor  (roof  and  ground  contributions) 
for  the  detector. 

RUN  6 

D-- ta  from  PF-COMP  calculations  using  NFSS  input  data  plus 
additional  building  data  collected  by  RTI  survey  teams 
(EM-NFSS  &  RTI). 

TOTAL 

RF 

Total  reduction  factor  (roof  and  ground  contributions) 
for  the  detector. 

RUN  7 

Data  from  PF-CGMP  calculations  using  building  input  data 
collected  by  RTI  survey  teams  (EM-RTT). 

ROOF 

CONT 

Roof  contribution  to  the  detector  in  the  center  of  the 
story  analyzed. 

TOTAL 

RF 

Total  reduction  factor  (roof  and  ground  contributions) 
for  the  detector. 

2 

OBS 

NO 

The  ’’Observation  Number**  is  a  number  assigned  in  ascending 
sequence  to  identify  each  individual  story  analyzed  and  is 
the  first  column  of  data  on  each  punch  card 

SPACES 

RUN  2 

Shelter  spaces  determined  by  Architect-Engineers  in  the 
NFSS  Phase  2  (P2-NFSS) . 

FF-iO 

Number  of  spaces  with  a  PF  of  at  least  40  on  the  detector 
story. 

PF-lOO 

Number  of  spaces  with  a  PF  of  at  least  100  on  the  detector 
story. 

SPACES 

RUN  7 

Shelter  spaces  determined  by  the  PF-COK?  Computer  Program 
using  RTI  input  data  (EM-RTI).  It  is  noted  that  these  are 
only  machine  estimates  and  were  not  verified  by  a  return 
visit  to  the  building  or  a  review  of  building  plans. 

PF-iO 

Number  of  spaces  with  a  PF  of  at  least  40  on  the  detector 
story. 

PF-100 

Number  of  spaces  with  a  PF  of  at  least  100  on  the  detector 
story. 
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Orrd 

Number 

2 

(cont'd.) 


Column 

Heading 

AVG 

APER 

SILL 

HT. 

MIN 

APER 

SILL 

HT. 


AVG 

% 

APER 

MAX. 

% 

APER 

KT 

OF 

DET 

TOTAL 

OVER¬ 

HEAD 

wr. 

FLOOR 

WT. 


CEILING 

WT. 


AVG 

EXT 

WALL 

MASS 

OBS 

NO 


AVG  7. 

BSMT 

EXPO 

AVG  INT 

PARTITION 

WEIGHT 

STORY  ABOVE 

AVG  X 
APER 


Description 

Average  of  the  aperture  sill  heights  reported  in  NFSS 
Phase  2  for  the  detector  story. 


Minimum  value  of  the  aperture  sill  height  reported  in 
NFSS  Phase  2  for  the  detector  story. 


Average  of  the  percent  apertures  reported  in  NFSS  Phase  2 
for  the  detector  story. 


Maximum  percent  apertures  reported  in  NFSS  Phase  2  for 
detector  story. 


Height  of  the  detector  above  cr  below  the  first  story  floor 
Je’el  as  determined  from  NFSS  Phase  1  data. 

Total  overhead  weight  in  pounds  per  square  foot  (psf) 
as  determined  from  NFSS  Phase  1  data. 


Mass  thickness  (psf)  of  the  detector  story  floor  as 
determined  from  NFSS  Phase  1  data. 

Mass  thickness  (psf)  of  the  floor  above  the  detector  as 
determined  from  NFSS  Phase  1  data. 

Average  exterior  wall  mass  thickness  (psf)  for  t  _  detector 
Story  as  determined  from  NFSS  Phase  1  data. 


The  "Observation  Number"  is  a  number  assigned  in  ascending 
sequence  to  identify  each  individual  story  analyzed  and  is 
the  first  column  of  data  on  each  punch  card. 

Average  percent  wall  exposure  for  the  detector  story  (for 
basements  only)  as  determined  from  NFSS  Phase  1  data. 


Average  inferior  partition  mass  thickness  (psf)  for  the 
detector  story  as  determined  from  NFSS  Phase  1  data. 


Average  of  the  percent  apertures  for  the  sto’-y  above  the 
detector  story  as  determined  from  NFSS  Phase  1  data. 
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Card  Column 

Number  Heading  Description 


3 

(cont'd.) 


AVG  EXT  Average  exterior  wall  mass  thicknrss  (psf)  for  the  story 
WALL  MASS  above  the  detector  story  as  determined  from  NFSS  Phase  1 
data. 


STORY  BELOW 

AVG  V.  Average  of  the  percent  apertures  for  the  story  below  the 

APER  detector  story  as  determined  frcu  NFSS  Phase  1  data. 

AVG  EXT  Average  exterior  wall  mass  thickness  (psf)  for  story 
WALL  MASS  below  the  detector  story  as  determined  from  NFSS  Phase  1 
data . 

RUN  1  PF  reported  under  NFSS  Phase  1  (Pl-NFSS). 

pf2/ 

RUN  2  PF  reported  under  NFSS  Phase  2  (P2-NFSS) . 

PF 

RUN  2  PF  by  NFSS  Phase  1  methods  using  RTI  input  data  (Pl-RTI) . 

PF 

RUN  U  PF  by  NFSS  Phase  2  methods  using  RTI  input  data  (P2-RTI). 

PF 

RUN  5  PF  from  PF-COMP  us-ng  NFSS  building  input  data  (EM-NFSS) . 

PF 

RUN  6  PF  from  PF-COMP  using  NFSS  input  data  plus  additional 

PF  building  data  collected  by  RTI  survey  teams  fEM-NFSS  & 

RTI). 

RUN  7  PF  from  PF-COMP  using  building  input  data  collected  by 

PF  RTI  survey  teams  (EM-RTI) . 


—  Reduction  factors  (RF)  for  each  of  the  seven  PF  estimates  were  reported  to  three 
decimal  places;  therefore,  those  RF’s  reported  as  0.000  were  arbitrarily  assigned  a 
PF  of  1009  (the  reciprocal  of  the  RF) . 
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05 

46.5« 

9.69 

9.00 

130 

60 

9.69 

20.00 

70 

3?.  69 

20.00 

70 

17.50 

1/.54 

20.00 

70 

57 

0.64 

20.60 

70 

55.04 

20.00 

70 

17.54 

17.59 

20.00 

70 

19. C4 
10.64 

20.00 

40 

07 

0.60 

1?*50 

50 

16.64 

20.ec 

40 

1U.9J 

lv.90 

?o.eo 

40 

99 

44.53 

15.00 

00 

6.60 

6.00 

15.00 

38 

72 

4.63 

9.94 

20.00 

00 

77 

*. 94 

19.75 

150 

9. CO 
4.60 
28.94 
20.63 

12.50 

150 

2.50 

150 

238 

0.00 

96 

0.00 

43 

5.00 

20 

2.50 

190 

50 

15.00 

90 

0.00 

210 

107 

33 

20.00 

120 

15.00 

190 

100 

27.50 

70 

5.00 

120 

56 

5.00 

190 

250 

35.00 

129 

37 

22.50 

BO 

21 

0.00 

190 

moo 

49.50 

VO 

14.75 

'0 

14.75 

?0 

14.75 

70 

14.75 

70 

14.75 

70 

14.75 

70 

22 

14.75 

?0 

23 

14.75 

?0 

14.75 

70 

14.75 

70 

14.75 

/0 

26 

14.75 

70 

23 

14.75 

70 

O.oO 

190 

200 

500 

29 

24.75 

120 

07 

7.50 

120 

23 

7.50 

120 

2.50 

190 

250 

25.00 

115 

40.00 

290 

40.00 

?0Q 

40.00 

200 

40.00 

200 

40.00 

296 

40.00 

296 

40.00 

29Q 

40.00 

200 

40.00 

200 

4C.00 

200 

40. 00 

2O0 

9.00 

190 

10.  oO 

60 

79.00 

20 

79.00 

20 

7V.l>0 

20 

79.00 

20 

79.00 

29 

79.00 

25 

o.oe 

190 

7.50 

75 

12.50 

280 

38 

12.50 

140 

2.50 

1BQ 

53 

5.00 

190 

20.00 

78 

20.60 

70 

5.00 

190 

28.00 

7# 

20.00 

78 

17.50 

48 

20.09 

48 

10.0ft 

128 

17.50 

98 

20.60 

48 

2.50 

198 

188 

15.00 

•6 

2.50 

198 

21 

298 

30 

19.75 

198 

250  1000 


90 


143 

40 

11 

200 

17 


100 

50 

250 

50 

1000 


1000 

500 


50 

50 

50 

NO 

>8 

m 

111 

107 

107 

50 

111 

111 

50 

20 

509 

20 

20 

20 

20 

20 

20 

20 

20 

533 


53 

10? 


i»o 


50 


335 

50 


21 

200 

15 

29 

24 

200 


11 

14 

17 

21 

20 

20 

29 

51 

52 

24 

25 
10 

1009 

250 

52 
50 
14 

56 

42 

50 

50 

77 

111 

145 

200 

100 

143 

143 

14J 

169 

53 
1000 

17 

14 

14 

19 

23 

23 

333 

19 
14 
40 
11 

71 

10 

03 

20 
23 
11 
43 
20 
20 
11 
40 
20 

125 

20 

40 

20 

50 


200 

«2 

11 

22 

20 


1AJ 

40 

11 

200 

25 

21 

200 

16 

29 

24 

200 


11 

14 

1? 

21 

26 

20 

29 
31 

52 

24 

25 
10 

1009 

250 

3? 

30 
14 

36 

42 

50 

56 

77 

111 

145 

200 

100 

145 

145 

143 

100 

53 
1000 

17 

14 

14 

1* 

25 

25 

535 

1« 

14 

40 

11 

71 

10 

ti 

27 

29 

12 

45 

27 

20 

12 

55 

22 

125 

40 

55 

22 

90 


200 

40 

11 

22 

20 


333 

0 

• 

7 

9 

42 

2 

2 

125 

3 

0 

91 

5 

5 


250 

3 
5 
5 

4 
45 

3 

5 

107 

31 

19 


07 

0 

1800 

1080 

12 

9 

19 

10 

20 

15 

1089 

1009 

13 

5 

13 

20 

10 

11 

18 

10 

21 

22 

25 

29 

28 

29 

38 

31 

33 

34 

30 

37 

38 

38 

40 

40 

38 

36 

30 

30 

13 

11 

258 

2?  0 

588 

510 

25 

24 

77 

07 

17 

20 

7 

a 

288 

32 

48 

71 

71 

77 

77 

83 

83 

91 

91 

189 

180 

111 

111 

125 

125 

125 

125 

125 

125 

125 

111 

71 

71 

28 

20 

1080 

1089 

10 

14 

28 

72 

25 

28 

29 

21 

28 

73 

17 

28 

12 

12 

588 

589 

• 

14 

17 

14 

250 

0 

0 

77 

71 

4 

4 

288 

107 

0 

19 

8 

21 

0 

14 

288 

143 

0 

11 

♦ 

22 

7 

10 

12 

12 

143 

7 

10 

12 

107 

107 

3 

3 

3 

3 

83 

03 

588 

22 

4 

4 

500 

0 

12 

1? 

7 

71 

ft 

0 

03 

03 

5] 

91 

24 
ft 

25 
10 

1000 

14 

50 

24 

500 

0 

9 

11 

17 

19 
23 

26 

29 
3ft 
33 

30 
50 
54 
29 
1R 

1000 

590 

29 

4ft 

20 
ft 

07 

4ft 

5ft 

03 

106 

111 

125 

143 

107 

63 

125 

125 

10ft 

37 

1009 

lft 

14 

25 

24 

20 

29 

20 

9 

590 

14 

19 

4? 

14 

ft 

3ft 

19 

143 

24 

37 

19 

286 

24 

31 

10 

3? 

24 

333 

43 

3? 

24 

07 

9 

0 

33 

7 

503 

53 

14 

9? 

43 
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VII.  San  Jose,  California  Data 

QWISfflJOSE 


RUM  1 

RUN  2 

RUN  3 

RUM  4 

RUN  5 

RUM  6 

RUN  7 

O-ti  SI»NB.*D  FiClLlTT  »iRT 

STO0Y 

8V 

till 

MQUf 

toll 

TOUl 

ROOT 

TOTAL 

TOTAL 

total 

total 

ROOF 

TOTaI 

*3 

t-JC67tO*  NUX8E* 

00. 

00. 

COM 

CODE 

GOUT 

*r 

*r 

C  OUT 

rf 

RF 

RF 

RF 

COnT 

Rf 

72* 

72711810 

74 

i 

c 

*1 

55 

•  Olt 

•  010 

.01* 

,009 

.009 

.009 

.019 

•  014 

•  087 

.007 

727 

72010000 

74 

1 

1 

.329 

.207 

.213 

.204 

72S 

72010000 

■5 

1 

0 

38 

49 

.000 

!o*i 

loll 

!oci 

!ooi 

.001 

.000 

.000 

.000 

.000 

72# 

72*10000 

85 

1 

1 

36 

49 

.001 

.013 

.013 

.000 

.009 

.009 

.030 

.003 

.002 

.002 

730 

72810000 

•*> 

1 

2 

36 

49 

.006 

.022 

.022 

.043 

•  C33 

.033 

.035 

.004 

.010 

.010 

731 

72810000 

45 

1 

4 

1 

* 

.170 

.063 

.060 

.  n60 

732 

72810008 

46 

1 

3 

57 

45 

.003 

.006 

.003 

.006 

.005 

.001 

.002 

733 

7281C00* 

6  h 

1 

1 

.230 

.157 

.006 

.03/ 

734 

72810000 

44 

1 

2 

.209 

.135 

.029 

.051 

73S 

72810000 

88 

1 

0 

43 

11 

.000 

.000 

!ooi 

!ooo 

.000 

.000 

.UOO 

.000 

.000 

.000 

/3b 

72*10006 

8b 

1 

1 

.000 

.047 

.001 

.017 

.017 

.U22 

.030 

.000 

.010 

737 

7281000* 

•b 

1 

2 

43 

11 

.002 

.006 

.006 

.002 

.002 

.002 

.002 

.000 

.000 

.nOi 

73# 

72810008 

46 

1 

4 

.012 

.036 

.010 

.010 

.010 

.U20 

.006 

♦  007 

.UlQ 

73V 

72*10903 

4h 

1 

4 

• 

.057 

.04S 

.040 

.192 

.031 

.045 

,U47 

740 

7281000* 

204 

1 

0 

37 

55 

.001 

.UOO 

.000 

.001 

.  uO 2 

741 

72*1000* 

204 

1 

1 

.169 

.203 

•  U03 

.104 

742 

72810*0* 

244 

1 

2 

.034 

.051 

.006 

.054 

743 

7281000* 

*04 

\ 

4 

•  U41 

.047 

.015 

.071 

744 

7281000a 

*44 

1 

4 

.U33 

.039 

.030 

.074 

74S 

72610000 

204 

1 

5 

.037 

.041 

.059 

.090 

746 

7281000* 

244 

1 

6 

.141 

.125 

.110 

.216 

747 

7281000V 

140 

1 

0 

57 

54 

!ooi 

.*001 

.‘ooi 

looi 

.UOO 

.000 

.000 

.000 

74a 

7281000V 

14b 

1 

1 

.000 

.074 

.074 

.067 

.085 

•  000 

.03/ 

74V 

72810009 

10b 

1 

2 

•  05ft 

•  C56 

.055 

.042 

.022 

.035 

.046 

750 

7281000V 

10b 

1 

4 

•  005 

.050 

.031 

.049 

.054 

.000 

.030 

751 

7281000V 

10(4 

1 

4 

•  033 

.066 

.053 

.300 

•  296 

.029 

.055 

732 

7281800V 

llh 

1 

2 

.042 

.061 

.000 

.010 

753 

7281000V 

lib 

1 

4 

.122 

.115 

.000 

.009 

754 

72810009 

204 

1 

U 

32 

54 

*020 

!o95 

!o95 

.095 

.020 

.020 

.056 

.057 

753 

7281080V 

*09 

1 

1 

.150 

.156 

.089 

,l»94 

736 

72810010 

1*1 

1 

0 

37 

51 

.001 

.001 

•  001 

1 005 

loos 

!oo> 

•  014 

.014 

.003 

.000 

73/ 

72810910 

X2i 

1 

1 

.003 

.026 

.3«5 

.072 

.072 

.065 

•  004 

.000 

.034 

756 

72*10010 

121 

1 

2 

.023 

.846 

.900 

.010 

.000 

.07ft 

.077 

.000 

.1*0* 

75V 

72810010 

1*1 

1 

4 

.000 

.046 

•  000 

.015 

.009 

.020 

.036 

.000 

.006 

760 

72810810 

121 

1 

4 

.009 

.036 

•  000 

.014 

.Oil 

.056 

.040 

.UOO 

.006 

761 

72810810 

121 

1 

5 

.ouo 

.026 

.000 

.013 

.010 

.056 

.020 

.000 

.006 

762 

72*18018 

121 

1 

0 

37 

51 

.goo 

.020 

•  820 

.000 

.010 

.000 

.036 

.016 

.000 

.009 

763 

72810018 

121 

1 

7 

.uoo 

.046 

•  000 

.041 

.041 

.075 

.021 

.000 

.014 

764 

72810010 

l2i 

1 

e 

.001 

.029 

.001 

.032 

.032 

.031 

.019 

•  000 

.013 

763 

72810010 

121 

1 

9 

.000 

.029 

.002 

.027 

.027 

.033 

.0  22 

.000 

.012 

766 

>2810018 

121 

1 

10 

.034 

.031 

.031 

.076 

.058 

.005 

.01* 

767 

72*18010 

lU 

1 

0 

57 

51 

.001 

.001 

•  002 

.000 

•  001 

.001 

.000 

.001 

.000 

.000 

?66 

72810810 

114 

1 

1 

•  000 

.006 

.006 

.109 

.203 

.ooo 

.1/1 

76« 

72818010 

l3# 

1 

2 

.000 

.071 

.071 

.137 

.110 

.000 

.0«2 

77a 

72818010 

1*4 

1 

4 

.000 

.04V 

.000 

.053 

.059 

•  112 

.123 

.ono 

.042 

771 

72*10010 

134 

1 

4 

.300 

♦  044 

.OH 

.123 

.104 

.000 

.  037 

772 

72310018 

1U 

1 

5 

.000 

.042 

.000 

.033 

.033 

.077 

.076 

.000 

.030 

773 

7261001s 

114 

1 

0 

.goo 

.033 

.000 

.026 

.026 

.061 

.059 

.009 

.02/ 

77b 

72--18010 

144 

1 

/ 

.040 

.026 

.900 

.021 

.021 

♦  050 

.049 

.600 

.024 

773 

7281*010 

‘  144 

1 

0 

37 

51 

.001 

.024 

•  024 

•  301 

•  020 

.020 

.043 

.043 

.000 

.023 

776 

7281001b 

14* 

1 

V 

37 

51 

.003 

.023 

•e25 

.902 

.020 

.020 

.041 

•  040 

.000 

.022 

777 

7*8180.* 

144 

1 

10 

.012 

.032 

.905 

.023 

.023 

.«45 

.004 

.002 

.022 

77« 

72810818 

144 

1 

11 

.009 

.064 

.064 

.078 

.070 

•  006 

.031 

77V 

72810011 

no 

1 

1 

57 

54 

.008 

.021 

!o20 

.000 

.040 

.049 

.054 

.093 

.000 

.040 

760 

7*818911 

i«e 

1 

2 

.000 

.014 

.016 

•  000 

.025 

•  ooc 

.01* 

7ai 

72813011 

1^0 

1 

4 

.004 

.0*6 

.000 

.033 

.033 

.079 

.050 

.000 

.019 

7  a. 

7*81*811 

i*ii 

1 

4 

.105 

.102 

.024 

.0*6 

763 

7**10017 

21a 

1 

0 

57 

22 

1 00  5 

!  328 

l02l 

.021 

.034 

.034 

.013 

.*•14 

/B4 

7/810017 

*13 

1 

1 

.046 

.046 

.050 

.003 

763 

7*810817 

213 

1 

2 

.370 

.370 

.199 

.210 

7*6 

7*31881" 

1)R 

1 

0 

57 

54 

.oOe 

.00a 

•  80B 

ld05 

loos 

lo05 

•  v67 

. 

.086 

.007 

767 

7**10019 

15b 

1 

1 

.036 

.074 

.074 

.203 

. 

.320 

.37? 

766 

7*810019 

1*B 

1 

2 

.330 

. 

.270 

.315 

76V 

77*16046 

217 

1 

3 

53 

43 

.309 

.004 

.004 

.000 

.800 

.081 

.002 

794 

7*810046 

217 

1 

1 

.345 

,085 

•  045 

•  326 

.204 

.037 

.094 

797 

7/810*65 

1/0 

1 

0 

57 

51 

.001 

.001 

!o02 

.301 

.001 

.001 

.081 

.804 

.000 

.nOi 

792 

7*910063 

1/0 

1 

1 

.014 

.042 

.009 

.052 

.052 

.203 

.156 

.007 

.019 

793 

7*810063 

17* 

1 

2 

.274 

.280 

.244 

.2*5 

7v« 

7*Sl8a97 

34503 

1 

e 

39 

49 

.00ft 

.009 

•  889 

loie 

lois 

.010 

.009 

.009 

.012 

.016 

793 

7**18997 

35503 

1 

1 

.139 

.115 

.049 

.081 

796 

72810097 

05301 

1 

0 

59 

49 

.003 

*907 

*006 

!  903 

1003 

!003 

.006 

.  906 

.002 

.813 

797 

7**10097 

05381 

1 

l 

.015 

.044 

.021 

.232 

.116 

.008 

.  02w 

79a 

72*18097 

05391 

1 

2 

.154 

.090 

.064 

.-73 

79V 

7*91*097 

0«3»i 

1 

e 

59 

49 

.000 

.000 

.001 

.3*0 

.000 

.000 

.005 

.005 

•  000 

.003 

600 

7*818097 

05303 

1 

l 

.9/2 

.069 

.0X3 

.229 

.264 

.001 

.034 

6*1 

72810897 

05394 

1 

« 

.  835 

.054 

.041 

.070 

.075 

.026 

.952 

602 

7*810102 

1181 

1 

0 

32 

50 

.012 

*012 

!O00 

•  317 

.017 

.017 

.810 

.018 

.04V 

.05i 

603 

7*810102 

1101 

1 

i 

.042 

.009 

.009 

.361 

.24* 

.072 

.107 

604 

7*810102 

1103 

1 

8 

51 

81 

.822 

.022 

!o23 

.929 

.029 

.029 

.820 

.024 

.024 

.32* 

»0» 

72*1*102 

1104 

1 

1 

« 

.167 

.338 

.251 

.279 

Si 


OVD  1  SAN  JOSE  (GOTMED) 


KU*  1  ' 

*UN  2 

RUt.  3 

aun  4 

RUR  S 

RUN  6 

RUM  ? 

IHS 

S*A’>OAfcU 

HCllit* 

STUR* 

PV 

US£ 

"UUf 

total 

total 

R30F 

70TaL 

TOTAL 

tuTal 

total 

Roof 

total 

"J 

LOCATION 

ut. 

HO. 

CODir 

COUE 

CURT 

*f 

*r 

C3NT 

Rf 

RF 

«F 

RF 

com 

RF 

71610106 

4/03 

1 

0 

59 

12 

.800 

•  005 

•  969 

.888 

.003 

.803 

.839 

.832 

.808 

.014 

1*0/ 

77810100 

4703 

1 

1 

.080 

.041 

.01* 

.267 

.139 

.688 

.021 

hUH 

77810100 

4/03 

1 

2 

.889 

.031 

.313 

.117 

.063 

.080 

.01* 

"OV 

77610100 

4703 

1 

3 

.001 

•  045 

.881 

.021 

.010 

.098 

.847 

.000 

.01* 

«tin 

77810106 

4/03 

1 

4 

.004 

•  043 

,086 

.021 

.016 

.677 

.041 

.004 

.017 

mi 

778101U6 

4703 

1 

5 

.036 

.048 

.043 

.669 

.0*7 

.029 

.041 

M? 

77610100 

4704 

1 

U 

59 

12 

.001 

.009 

.009 

.OOP 

.010 

.010 

.087 

.005 

.000 

.020 

"13 

77610106 

4704 

1 

1 

.003 

•  033 

* 

.801 

.03* 

.023 

.680 

.059 

.008 

.822 

"14 

77610106 

4/04 

1 

* 

.012 

•  030 

.804 

.03* 

.024 

.665 

.037 

.003 

.020 

b!5 

77610106 

4704 

1 

3 

* 

.828 

.0*7 

.048 

.102 

.090 

.02* 

.042 

►1  * 

7781010V 

100) 

1 

1 

.000 

•  047 

# 

.000 

.026 

.026 

.0*6 

.903 

.080 

.033 

"17 

7761010V 

luui 

1 

2 

3? 

54 

.000 

•  023 

•  023 

.080 

.022 

.022 

.014 

.019 

.080 

.Old 

"1" 

7761010V 

lOOi 

1 

3 

36 

*4 

.002 

•  02* 

•  821 

.803 

.020 

.020 

.318 

.017 

.003 

.017 

7761010V 

luOj 

1 

4 

.027 

.043 

. 

.051 

.641 

.040 

.03* 

.040 

"?t> 

7761011* 

clc 

1 

U 

92 

5  S 

•  020 

.019 

.028 

.026 

.619 

.022 

.017 

.024 

«•<?! 
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CARD  3  SAN  JOSE  ((MIHED) 
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Appendix  C 

Buildings  Hot  Used  in  Regression  Analysis 

This  appendix  contains  a  list  of  those  buildings  not  analyzed  in  the  regression 
analysis;  they  were  not  included  in  this  analysis  for  one  of  the  following  reasons: 

1)  Correspondence  of  NFSS  building  part  numbers  and  RTI  assigned  part 
numbers  could  not  be  determined.  Shelter-marking  sketches,  NFSS  Phase  1 
FOSDIC  forms  or  Phase  2  DCF's  were  required  to  identify  part  numbers  assigned 
to  complex  buildings  in  the  NFSS  and  these  were  not  always  available. 
Therefore,  if  such  data  were  not  available  it  was  impossible  to  determine 
which  portion  of  a  complex  building  should  fce  compared  with  RTI  results. 

In  many  cases  the  RTI  analyst  considered  it  necessary  to  break  a  building 
into  multiple  parts,  whereas  the  NFSS  submission  was  done  as  a  single 
building  part.  Conversely,  ma..y  buildings  subdivided  into  parts  in  the 
NFSS  were  done  as  one  part  by  RTI. 

2)  The  number  of  stories  assigned  to  a  building  in  the  NFSS  did  not  match 

the  number  of  stories  determined  by  the  RTI  field  survey  teams. 

3)  The  EM-NFSS  PF  or  the  EM-RTI  PF  was  not  obtained.  The  EM-NFSS  data 

extraction  program  yielded  the  NFSS  building  characteristics  (listed  in 
Appendix  B)  used  in  determining  the  relationship  of  PF  to  selected 
building  parameters.  The  EM-RTI  TF  was  the  base  against  which  other  PF’s 
and  RF's  were  analyzed. 
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Providence, 

Rhode  Island 

Standard  Location 

Facility  Number 

17220003 

00061 

17240009 

00447 

17240046 

03002 

17240046 

03040 

17240050 

03339 

17240056 

03584 

17240062 

04086 

17240062 

04092 

17240063 

02014 

17240063 

04135 

17240065 

04318 

17240074 

04827 

17240074 

04881 

17240074 

04894 

17240084 

06068 

17240090 

06870 

17240091 

06925 

Detroit, 

Michigan 

Standard  Location 

Facility  Number 

43330005 

03504 

43310015 

00250 

43320015 

00399 

43330041 

04079 

43330042 

02780 

43330077 

05320 

43330079 

06035 

43330080 

04476 

4333009/ 

04957 

43330107 

05530 

43330109 

06086 

43330115 

05273 

43330115 

05286 

43330123 

05416 

Detroit,  Michigan  (Cont'd.) 


Standard  Location 

Facility  Number 

43330134 

05450 

43330136 

05778 

43330153 

04853 

43330158 

04511 

43330161 

05230 

43330.’  74 

02912 

43330187 

02738 

43330195 

02259 

43330240 

01095 

43330282 

03249 

43330290 

01659 

43330294 

00017 

43330331 

01292 

43330382 

00029 

43330409 

04372 

43330413 

06278 

43330448 

03247 

43330461 

03541 

43330464 

03571 

43330464 

03578 

43330492 

04004 

43330510 

03098 

New  Orleans, 

Standard  Location 

Louisiana 

Facility  Number 

52420060 

00371 

52420022 

00070 

52420071 

00225 

52420074 

00410 

52420075 

00286 

52420086 

00350 

52420086 

00486 

52420088 

00161 

52420091 

00027 
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New  Orleans,  Louisiana  (Cont’d.) 

Standard  Location  Facility  Number 

Albuquerque,  New  Mexico  (Cont’d.) 

Standard  Location  Facility  Number 

524200r ' 

00533 

53110047 

00077 

52420101 

00038 

53110047 

00078 

52420111 

00041 

53110056 

00118 

52420142 

00198 

53110060 

00111 

52420130 

00136 

53110066 

00108 

52420137 

00035 

52420155 

00425 

52420160 

00142 

San  Jose, 

California 

Standard  Location 

Facility  Number 

72810002 

00003 

Albuquerque , 

New  Mexico 

72810002 

00201 

Standard  Location 

Facility  Number 

72810005 

00022 

53110002 

00008 

72810006 

00041 

53110006 

00006 

42810008 

00072 

53110007 

00001 

72810012 

00146 

53110007 

00002 

72810046 

00271 

53110007 

00004 

72810097 

34102 

53110008 

00105 

72810163 

00601 

53110010 

00038 

72810165 

03903 

53110015 

00211 

72810165 

03908 

53110018 

00029 

72810165 

04207 

53110019 

00099 

53110021 

00127 

53110024 

00063 

53110024 

00065 

53110024 

00073 

53110024 

00203 

53110027 

00139 

53110027 

00148 

53110027 

00156 

53110046 

80805 

53110046 

86530 

53110046 

89930 

53110046 

89940 

53110046 

90381 
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Appendix  D 

Example  of  Regression  Analysis  Printout 


Figure  D-l  is  an  example  of  the  printout  from  the  TSAR  program  used  to  compute 
the  regression  equations  for  this  project.  Included  in  the  printout  are  a  correlation, 
mean  and  standard  deviation  matrix  and  a  regression  equation  that  is  recomputed  as  each 
variable  is  included.  The  variables  used  are  identified  in  Table  D-I.  The  two  sections 
of  the  example  printout  are:  A.  Correlation,  Mean,  and  Standard  Deviation  Matrix,  and 
B.  Example  of  Stepwise  multiple  Regression. 

Section 

This  figure  gives  the  Correlation,  Mean,  and  Standard  Deviation  Matrix. 

As  found  in  the  TSAR  Manual,—^  the  headings  are  defined  as  follows: 

N  =  The  number  of  observations.  Observations  for  which  any  of  the 
variables  are  blank  (no  score)  will  be  ignored. 

FINCLUDE  and  FDELETT  s- reify  the  threshold  F  values  which  determine 
what  variables  are  included  in  and  deleted  from  the  partial  regression. 

To  be  included,  «  '>nable  must  have  an  F  value  greater  than  FINCLUDE; 
to  be  deleted,  a  variable  at  *>t  have  an  F  value  less  than  FDELETE. 

MULT  R  *  Multiple  Correlation  Coefficient  *  the  square  root  of  the  ratio 
of  the  regression  sums  of  squares  to  the  total  sums  of  squares. 

(MULT  R)2  is  sometimes  railed  the  coefficient  of  determination,  and  is 
the  proportion  of  the  total  sums  of  squares  accounted  for  by  the 
regression. 

SE  EST  =  Standard  error  of  estimate  =  the  error  as«ociated  with  the 
regressions  equation  at  a  given  point. 

SE  EST  =  SD  (1  -  MULT  R2)/DF 

where  Sp  is  the  standard  deviation  of  the  dependert  variable. 

F  value  —  this  F  is  distributed  as  F(Ny,  DF)  where  DF  is  N  minus  the 
number  of  estimated  parameters  in  the  regression  equation  (number  of 
variables  plus  one  for  the  constant  term,  if  any)  and  Ny  m  N  -  DF  -1* 
the  number  of  included  variables.  This  F  value  gives  tne  significance 
of  the  regression  equation.  It  is  the  ratio  of  the  regression  sum  of 
squares  x  (1/Ny)  to  the 

method  of  calculating  F 


residual  sum  of  squares  x  (1/EF).  Another 

(MULTR)2  x  DF _  . 

1S  (1  -  MULT  R)2  x  NV 


A 

B 


— '  Tele-Storage  and  Retrieval  System.  User's  Manual.  Durham,  N.  C. :  Duke 
Computation  Center,  November  1967. 
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Section 


B 

(cont'd.) 


BETA  *  Partial  regression  coefficient.  BETA^  measures  the  average 
increase  in  the  dependent  variable  per  unit  ^increase  in  the  ith 
independent  variable  when  the  other  independent  variables  are  held 
constant. 

The  values  for  BETA  are  obtained  by  solving  a  system  of  equations  of 
the  form 

b-H+b,  x,4b-+  x„+. .  .+b,  x,  ■  y 
01122  kk 

2 

b_  x,+b,  x,  +b,  x,x„+. . ,4b,  x, ,x,  =  x,y 
0111  112  kl  k  1 


bp  x^+b^  x^x^+b^  x^X2+. .  Xj.  *  x^y  . 

SE  BETA  *  the  Standard  Error  of  Beta  =  the  error  associated  with  beta. 
SE  BETA  -  (Edd)(Eii)/DF 

NOR  B  *»  Normalized  Beta  -  BETA  (ME^) 

sD 

B  *  The  regression  coefficient  *  BETA  where  S  is  the  standard 

SI 

deviation  of  the  dependent  variable,  and  S  is  the  standard  deviation 
of  the  independent  variable. 

SE  B  *  Standard  Error  of  B  *  the  error  associated  with  each  B 
(regression  coefficient) . 

S 

SE  B  -  (SE  BETA)  x  ~  . 

SI 

F  *  The  F  value  which  indicates  the  significance  of  adding  the 

*l2 


variables,  F 


/  BETA  V 
\SE  BETA/ 


and  is  distributed  by  F(1,DF) 
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Fig.  D-la.  Correlation,  Means,  and  Standard  Deviation  Matrix 
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Fig.  D-lb.  Example  of  Stepwise  Multiple  Regression 


Table  D-l 


Variables  Used  in  Example  of  Regression  Analysis 


Variable  Description 

RF1  Total  reduction  factor  (roof  and  ground  contributions)  to  the  detector  in 

the  center  of  the  story  analyzed  from  NFSS  Phase  1  calculations  (Pl-NFSS). 

CLl  Roof  contribution  to  the  detector  in  the  center  of  the  story  analyzed 

from  NFSS  Phase  i  calculations  (PL1-NFSS). 

FI  Basement  indicator  —  it  is  assigned  a  value  of  1  for  basements  and  0  or 

-1  for  above  ground  stories. 

SILL  Average  of  the  aperture  sill  heights  reported  in  NFSS  Phase  2  for  the 

detector  story. 

APER  Average  of  the  percent  apertures  reported  in  NFSS  Phase  1  for  the  detector 

story. 

CLWT  •  Mass  thickness  (psf)  of  the  floor  above  the  detector  as  determined  froa 

NFSS  Phase  1  data. 

OHUT  Total  overhead  weight  in  pounds  per  square  foot  (psf)  as  determined  froa 

NFSS  Phase  1  data. 

HT  Height  of  the  detector  above  the  first  story  floor  level  as  determined 

from  NFSS  Phase  1  data. 

EXPO  Average  percent  wall  exposure  for  the  detector  story  (for  basements  only) 

as  determined  from  NFSS  Phase  1  data. 

INPAR  Average  interior  partition  mass  thickness  (psf)  for  the  detector  story  as 

determined  froa  NFSS  Phase  1  data. 

FLWT  Mass  thickness  (psf)  of  the  detector  story  floor  as  determined  froa  NFSS 

Phase  1  data. 

VWT  Average  exterior  wall  mass  thickness  (psf)  for  the  detector  story  as 

determined  froa  NFSS  Phase  1  data. 

MIN3L  Minimum  value  of  the  aperture  sill  height  reported  in  NFSS  Phase  2  for 

the  detector  story. 

MAXAP  Maximum  percent  apertures  reported  in  NFSS  Phase  2  for  detector  story. 
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Table  D-l  (Continued) 


Variable 

APERB 

WWTB 

RF7 


Description 

Average  of  the  percent  apertures  for  the  story  below  the  detector  story 
as  determined  from  NFSS  Phase  1  data. 

Average  exterior  wall  mass  thickness  (psf)  for  story  below  the  detector 
story  as  determined  from  NFSS  Phase  1  data. 

Total  reduction  factor  (roof  and  ground  contributions)  to  the  detector 
in  the  center  of  the  story  analyzed  from  PF-COHP  calculations  using 
building  input  data  collected  by  RT1  survey  teams  (EM-RT1) . 
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Appendix  E 


Data  Displays 


This  appendix  contains  displays  of  data  for  each  of  the  43  samples  selected 
for  this  study.  These  samples  were  analyzed  to  determine  the  relationships 
between  selected  pairs  of  seven  methods  of  calculating  reduction  factors.  Each 
display  contains  the  linear  regression  line  obtained  by  this  analysis  along 
with  its  associated  standard  error  of  estimate  and  correlation  coefficient.  In 
addition,  the  regression  line  forced  through  the  origin  with  its  associated 
standard  error  of  estimate  is  included. 

Observations  indicated  on  the  displays  by  asterisks  (*)  may  represent  more 
than  one  shelter  story  if  the  values  are  very  similar  for  more  than  one  shelter 
story.  If  the  results  of  one  method  were  to  equal  the  results  of  another  method, 
the  regression  line  would  be  a  45°  Line.  The  45°  Line  is  indicated  by  dots  (.) 
for  orientation. 


EM-RTI  Reduction  Factor 
(PF-COKP  Using  RTI  Data) 


EM-RTI  Reduction  Fector 
(PF-COMP  Using  RT1  Date) 


i  -i  i 


(I)  EM-RTI  RF  -  0.962  [Pl-NFSS  RF] 

Standard  Error  of  Estimate  ■  0.014 


•  ■inti 


(?)  EM-RTI  RF  -  0.875  [Pl-NFSS  RF]  +  0.003 
Standard  Error  of  Estimate  ■  0.014 
Correlation  Coefficient  ■  0.685 


. .  nir*  .n?f>  .  r>io  .  o*»n  .  n5» 


Pl-NFSS  Reduction  Factor 
(NPSS  Phase  1) 


Fig.  E.3.  Relationship  Between  Pl-NFSS  and  EM-RTI  Reduction  Factors. 

(Detroit  -  47  Shelter  Stories) 


E-4 


.069 


EM-RTI  Reduction  Factor 
(PF-COMP  Using  RTI  Data) 


.  1  m 


(A)  EM-RTI  RF  -  0.571  [Pl-NFSS  RF] 

Standard  Error  of  Estimate  *  0.014 

(?)  EM-RTI  RF  -  0.353  [Pl-NFSS  RF]  +  0.007 
Standard  Error  of  Estimate  ■  0.013 
Correlation  Coefficient  *  0.387 
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V  V>» 
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45° 


Line 
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Pl-NFSS  Reduction  Factor 
(NFSS  Phase  1) 


Fig.  E.6.  Relationship  Between  Pl-NFSS  and  EM-RTI  Reduction  Factors. 

(San  Jose  -  90  Shelter  Stories) 


Pl-NFSS  Reduction  Factor 
(NFS3  Phase  1) 


3 
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Fig  E.8.  Relationship  Between  Pl-NFSS  and  EM-RTI  Reduction  Factors. 
(Basement  with  Roof  Contribution  >50%  of  Total  RF  --  98  Shelter  Stories) 
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EM-RTI  Reduction  Factor 
(PF-COMP  Using  RTI  Date) 


.101 


.991 


.  989 


.979 


.969 


.959 


.949 


.339 


.929 


.319 


">.909 


(a)  EM-RTI  RF  -  0.723  [Pl-NFSS  RF] 

Standard  Error  of  Estimate  ■  0.007 

(?)  EM-RTI  RF  -  0.577  [Pl-NFSS  RF)  +  0.002 
Standard  Error  of  Estimate  -  0.007 
Correlation  Coefficient  *  0.498 


45°  Line 
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Pl-NFSS  Reduction  Factor 
(NFSS  Phase  1) 


Fig.  E.9.  Relationship  Between  Pl-NFSS  and  EM-RTI  Reduction  Factors. 
(Basement  with  Roof  Contribution  <502  of  Total  RF  -  13  Shelter  Stories) 
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Reduction  Factor 
1  Using  RTI  Data) 


Reduction  Factor 
1  Using  RT1  Data) 


EM-RTI  Reduction  Factor 
(PF-COMP  Uaing  RTI  Data) 


.101 


.39) 


(A)  EM-RTI  RF  -  1.066  f Pl-NFSS  RF] 

Standard  Error  of  Esticate  «  0.009 

(?)  EM-RTI  RF  -  0.744  [Pl-NFSS  RF]  +  0.005 
Standard  Error  of  Esticate  »  0.008 
Correlation  Coefficient  ■  0.609 


.383 


.373 


.363 


Fig.  E.13.  Relationship  Between  Pl-NFSS  ana  EM-RTI  Reduction  Factors 
Use  Class  Residential  -  55  Shelter  Stories) 


E-14 


(A)  EM-RTI  RF  =  0.871  [Pl-NFSS  RF] 

Standard  Error  of  Estimate  =  0.008 

®  EM-RTI  RF  =  0.776  [Pl-NFSS  RF)  +  0.002 
Standard  Error  of  Estimate  -  0.008 
Correlation  Coefficient  -  0.679 


Pl-NFSS  Reduction  Factor 
(NFSS  Phase  1) 


E-14.  Relationship  Between  Pl-NFSS  and  EM-RTI  Reduction  Factors 
(Use  Class  Educational  -  43  Shelter  Stories) 


EM-RTI  Reduction  Factor 
(PF-COMP  Using  RTI  Data) 


(A)  EM-RTI  RF  -  0.709  {Pl-NFSS  RF] 

Standard  Error  of  Estimate  ■  0.013 

(?)  EM-RTI  RF  -  0.520  [Pl-NFSS  RF]  +  0.005 
Standard  Error  of  Estimate  ■  0.013 
Correlation  Coefficient  *  0.459 
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.371 


Pl-NFSS  Reduction  Factor 
(NFSS  Phase  1) 


Fig.  E.15.  Relationship  Between  Pl-NFSS  and  EM-RTI  Reduction  Factors. 
(Use  Class  Government  and  Public  Service  -  41  Shelter  Stories) 
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KM-RTI  Reduction  Factor 
(PF-COMP  Using  RTI  Data) 


Pl-NFSS  Reduction  Factor 
(NFSS  Phase  1) 


Fig.  E.16.  Relationship  Between  Pl-NFSS  and  EM-RTI  Reduction  Factors 
(Use  Class  Commercial  -  141  Shelter  Stories) 
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EM-RTI  Reduction  Factor 
(PF-COMP  Using  RT1  Data) 


Pl-NFSS  Reduction  Factor 
(NFSS  Phase  1) 


Fig.  E.17.  Relationship  Between  Pl-NFSS  anJ  EM-RTI  Reduction  Factors. 
(Use  Class  Industrial  -  14  Shelter  Stories) 


E-18 


EM- RT1  Reduction  Factor 
(PF-COMP  Using  RTI  Data) 


t  ot  J— 


(a)  EM-RTI  RF  =  0.997  [Pl-NFSS  RF] 

Standard  Error  of  Estimate  *  0.010 

(i)  EM-RTI  RF  -  0.882  [Pl-NFSS  RF]  +  0.002 
Standard  Error  of  Estimate  *  0.010 
Correlation  Coefficient  ■  0.605 
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45°  Line 


Pl-NFSS  Reduction  Factor 
(NFSS  Phase  1) 

Fig.  E.18.  Relationship  Between  Pl-NFSS  and  EM-RTI  Reduction  Factors. 

(Structural  Classification  Wall-Bearing  -  82  Shelter  Stories) 


Pl-RTI  Reduction  Factor 
(NFSS  Phase  1  Methods  Using  RH  Data) 


\ 


(A)  Pl-RTI  RF  *=  1.033  [Pl-NFSS  RF] 

Standard  Error  of  Estimate  =  0.018 

</!)  Pl-RTI  RF  =  0.679  [Pl-NFSS  RF]  +  0.010 
Standard  Error  of  Estimate  *  0.017 
Correlation  Coefficient  =  0.507 
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Pl-NFSS  Reduction  Factor 
(NFSS  Phase  1) 


Fig.  E.21.  Relationship  Between  Pl-NFSS  and  Pl-RTI  Reduction  Factors. 
(Total  Sample  -340  Shelter  Stories) 
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EM-RTI  Reduction  Fact 
(PF-COMP  Using  RTI  Da 
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[-RTI  Reduction  Factor 
Method  Using  RTI  Data) 


RTI  Reduction  Factor 
Method  Using  RTI  Data) 


(NFSS  Phase  1  Method  Using  RTI  Data) 


Fig-  E.25.  Relationship  Between  Pl-RTI  and  EM- RTI  Reduction  Factors 
(Subtask  1115A  Phase  1  Data  -  32  Shelter  Stories) 


EM-RTI  Reduction  Factor 
(PF-COMP  Using  RTI  Data) 


P2-NFSS  Reduction  Factor 
(NFSS  Phase  2) 


Fig.  E .26.  Relationship  Between  P2-NFSS  and  EM-RTI  Reduction  Factors. 
(Total  Sanple  -  292  Shelter  Stories) 
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EM-RTI  Reduction  Factor 
(PF-COMP  Ualng  RT1  Data) 


P2-NFSS  Reduction  Factor 
(NFSS  Phase  2) 


Fig.  E.27.  Relationship  Between  P2-NFS?  and  EM-RTI  Reduction  Factors. 
(Providence  -  45  Shalter  Stories) 
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Reduction 


Fis.  E.28.  Relationship  Between  P2-NTSS  and  FM-ETI  Reducticn  Factors. 

(Detroit  -  52  Shelter  Stories) 


(T)  EM-RTI  RF  -  1.127  [P2-NFSS  RF] 

Standard  Error  of  Estimate  ■  0.009 

(5)  EM-RTI  RF  -  1.016  [P2-NFSS  RF]  +  0.002 
Standard  Error  of  Estimate  «•  0.009 
Correlation  Coefficient  ■  0.537 


45°  Line 


P2-HFSS  Reduction  Factor 
(HFSS  Phase  2) 
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Fig.  E.29.  Relationship  Between  P2-NFSS  and  EM-RTI  Reduction  Factors 
(Sew  Orleans  -  90  Shelter  Stories). 


Reduction  Factor 
>  Using  RTI  Data) 
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EM-RTI  RF  -  1.006  fP2-  NFSS  RF] 
Standard  Error  of  Estimate  -  0.011 


(b)  EM-RTI  RF  -  0.820  [P2-NFSS  RF]  +  0.003 
Standard  Error  of  Estimate  «  0.011 
Correlation  Coefficient  *  0.698 
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Fig.  E.31.  Relationship  Between  P2-NFSS  and  EM-RTI  Reduction  Factors. 

(San  Jose  -  64  Shelter  Stories) 
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P2-KFSS  Reduction  Factor 
(KFSS  Phase  2) 


Fig.  E.32.  Relationship  Between  P2-NFSS  and  EM-RTI  Reduction  Factors. 
(Baseaents  -  131  Shelter  Stories) 


Reduction  Factor 
1  Using  RTI  Data) 


EM-RT1  Reduction  Factor 
(PF-COMP  Using  RTI  Data) 


P2-XFSS  Reduction  Factor 
(SPSS  Phase  2) 


Fig.  £.34.  Relationship  Between  ?2-hrSS  and  EM-RTI  Reduction  Factors. 
(Use  Class  Residential  -  8S  Shelter  Stories) 
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P2-NFSS  Reduction  Factor 
(NFSS  Phase  2) 


Fig.  E. 36.  Relationship  Between  P2-NFSS  and  EM-RTI  Reduction  Factors, 
(Use  Class  Governaent  and  Public  Service  -  68  Shelter  Stories) 


Reduction  Factor 


Reduction  Factor 
’  Using  RTI  Data) 


EM-RTI  RF  -  0.624  fP2-N?SS  RF] 
Standard  Error  of  Estimate  *  0.009 

®  EM-RTI  RF  -  0.397  [P2-NFSS  RF]  +  0.006 
Standard  Error  of  Estimate  »  0.008 
Correlation  Coefficient  «  0.558 


45°  Line 


P2-NFSS  Reduction  Factor 
(NFSS  Phase  2) 


Fig.  E.38.  Relationship  Between  P2-NFSS  and  EM-RTI  Reduction  Factors 
(Use  Class  Industrial  -  16  Shelter  Stories) 
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EM-RTI  Reduction  Factor 
(PF-COMP  Using  RTZ  Data) 


•10T  -  (A)  EM-RTI  RF  -  1.033  [P2-NFSS  RF] 

Standard  Error  of  Estimate  «  0.011 

(?)  EM-RTI  RF  -  0.829  fP2-NFSS  RF]  +  0.004 
Standard  Error  of  Erciaate  *  0.011 
.99*)  —  Correlation  Coefficient  ■  0.493 


45°  Line 


P2-NFSS  Reduction  Factor 
(NFSS  Phase  2) 


Fig.  E.39.  Relationship  Between  P2-NFSS  and  EM-RTI  Reduction  Factors 
(Structural  Classification  Wall-Bearing  -  98  Shelter  Stories) 


Reduction  Factor 
1  Uaing  RTI  Data) 


)  EM-RTI  RF  -  1.162  [P2-NFSS  RF  j 
Standard  Error  of  Estimate  ■  0.013 

(?)  EM-RTI  RF  -  1.232  [P2-NFSS  RF]  -  0.001 
Standard  Error  of  Estimate  *  0.013 
,393  _  Correlation  Coefficient  -  C.681 
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P2-NFSS  Reduction  Factor 
(NFSS  Phase  2) 


Fig.  E.41.  Relationship  Between  P2-NFSS  and  EM-RTI  Reduction  Factors. 

(Structural  Classification  Concrete-Framed  -  15?  Shelter  Stories) 
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P2-RTI  RF  -  1.370  {P2-NFSS  RFj 
Standard  Error  of  Eati&ate  »  0.016 

P2-RTI  •  0.955  [P2-NFSS  RF]  +  0.008 
Standard  Error  of  Eatiaate  «  0.016 
Correlation  Coefficient  •  0.781 
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Fig.  E.  42  Relationship  Between  P2-NFSS  and  P2-RTI  Reduction  Factors 

(Total  Sample  -  292  Shelter  Storiea) 
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P2-NFSS  Reduction  Factor 
(NFSS  Phase  2  Method  Using  RTI  Data) 


Fig.  E.43.  Ralationahip  Between  P2-RTI  and  EM-RTI  Reduction  Factors. 

(Total  Sample  -  292  Shelter  Stories) 
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19.  ARfTRACT  _  .  .  _  ,  _  , 

The  objective  of  this  research  was  to  determine  the  relationship  between  the 
center  PF’s  of  a  sample  of  334  facilities  as  evaluated  in  accordance  with  the  Engineer¬ 
ing  Manual  (PF-COMP)  and  the  center  PF’s  of  the  sage  facilities  as  evaluated  in  the 
NFSS  prior  to  February  1967.  In  addition  to  PF’s  reported  in  NFSS  Phases  1  and  2  and 
FT's  calculated  by  PF— COMP  using  RTI  collected  data,  the  following  separate  estimates  o 
the  center  PF  were  deteroined:  NFSS  Phase  1  and  2  methods  using  RTI  input  data,  PF- 
COM?  using  NFSS  input  data,  and  PF— COMP  using  NFSS  input  data  supplemented  by  additions 
building  data  collected  by  RTI.  Conclusions  regarding  the  relationship  of  the  seven  PF 
estimates  are:  1)  Revised  NFSS  PF’s  for  individual  buildings  should  not  be  estimated 
nor  is  any  advantage  seen  in  revised  estimates  of  Phase  2  shelter  PF’s  available  in  a 
geographic  area  such  as  a  county.  This  conclusion  is  drawn  because  NFSS  Phase  2 
(P2-NFSS)  PF’s  are  nonconservative  (high)  when  compared  to  Engineering  Maaual-RXI  (EM- 
RTI)  results  and  because  of  the  difficulty  in  obtaining  Phase  2  ?F  values  other  than  by 
PF  category.  2)  PF’s  calculated  using  NFSS  Phase  1  and  2  procedures  and  HIT  collected 
input  data  (Pl-RTI  and  P2-RTI)  are  both  conservative  (low)  when  compared  to  EM-XTI  re¬ 
sults.  The  nonconservative  results  deteroined  in  the  NFSS  are  therefore  attributed  to 
data  collection  discrepancies.  3)  Many  buildings  surveyed  in  the  NFSS  prior  to  Februar 
1967  have  PF’s  less  than  40  and  are  consequently  not  contained  in  Phase  2  data  files. 
The  regression  equation  developed  for  the  total  sssple  to  determine  the  relationship 
between  Pl-NFSS  and  EM-RTI  could  be  used  to  estimate  PF’s  of  buildings  in  fWjs  category 
4)  Procedures  have  been  established  whereby  NFSS  Phase  1  and  2  input  data  collected 
prior  to  February  1967  can  be  processed  by  PF-COMP.  However,  because  of  input  discrep¬ 
ancies  noted  in  the  NFSS  data  when  compared  to  RTI  collected  data,  this  method  of  esti- 


